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A new system tor monitoring, analyzing and recording 
aircraft structural loads is put forth. The sensors are 
resistance strain gages which feed a differential analog 
Signal to a multiplexer/fanalog-digital converter. The 
digitized strain levels are read by a Nicrocomputer, 
analyzed and recorded on a digital, cassette recorder, when 
fatigue-significant events are detected. Automated data 
retrieval and preparation with this proposed system should 
be straightforward and serve to alleviate much of the manual 
handling now required. Suggestions for future research 
include the fabrication and testing of a more advanced 


prototype of the sequential strain monitor systen. 
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I. INTRODUCTION 


ear Se oe oS ee ene cee 


Aerospace structures constitute a compromise between 
long fatigue life and minimum weight. The driving need 
for minimum weight to achieve performance specifications 
forces the engineer to design to the very limit of the 
material capability; thus producing a fatigue-linited 
structure. Because usage of each aircraft varies widely, 
the Navy has turned to monitoring each aircraft for fatigue 
life expenditure. In addition, the extremely high cost of 
today's weapons systems makes it imperative that they he 
used over as long a service life as possible. These 
extended service lives also produce probiems of fatigue 
which must be handled by accurate monitoring and periodic 
update, repair and/or replacement of Structures. Herein is 
proposed a new approach to the monitoring of aircraft 
fatigue life which, predicated upon sequential strain 
history, is believed will serve to perform that task much 
Derren. | | 

Wiebe terbOlee ure Very “Obvious  Sarety aspects Of the 
fatigue problem, there are several additional considerations 
which motivate the development of a more accurate fatigue 
life prediction technology. Economic conSiderations are 
increasingly important in the ever more restricted fiscal 
environment, especially with the phenomenal growth in the 
cost of procuring a new weapons system. The high cost of 
replacing an aircraft which has experienced a catastrophic 


inflight structural failure is only one aspect of the 


overall cost of maintaining a weapon in the 
inventory. Present practice is to replace Or rework 
fatigue-critical PoGetons oy a a structure at various 


Milestones in its service life, or when some predefined 
level of Structural fatigue life expended is 


reached. Premature retirement oor rework of an airccaft 








based upon the conservative estimates required by the 
present method of monitoring flight -loads can be extremely 
costly, both in terms of dollars and lost effectiveness due 
to aircraft down time. 

Peo cetilescdsCeepolnt rt the periodic replacement of 
the A-6 wing at some fixed point in the planned life, with 
each such replacement costing approximately one-half million 
dollars. The cost of a sequential strain monitor system has 
been very roughly estimated at $3000.00; thus, the 
prevention of even one such needless change would compensate 
for the cost of many such systems. It wouid not reguire a 
large number of such savings to justify the costs involved 
in the procurement of a sequential strain monitor system and 


the associated support equipment. 
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II. CURRENT FATIGUE LIFE PREDICTION PROGRAM 


~ 


The current Fatigue Life Prediction (FLP) progran 
conducted by the Naval Air Development Center was begun in 
1969 and represented a Significant step forward in the 
responsible handling of Navy aircraft. Recent 
technological advances have made it possible to gather auch 
more accurate and meaningful flight data and a modernization 
of the FLP is currently peing studied. The program as it 


exists today is described briefiy below. 
A. ASSUAUPTICNS INHERENT IN CURRENT DATA 


The current sensor used to monitor flight loads on Naval 
aircraft 1s an accelerometer placed near the aircraft center 
of gravity, and has been in general uSe Since 1962. fhe 
placement of this sensor can be only approximate, as the 
center of gravity varies widely with the fuel and ordnance 
load carried and changes markedly during the course of a 
Single flight, as fuel 1s burned and ordnance 
expended. Tnis fluctuation in the location of the center of 
gravity changes the relationships assumed to exist between 
the sensed acceleration and the load experienced by the 
structure. Uncertainty concerning the real nature of the 
acceleration data exists, for the type of maneuver producing 
the acceleration is not known and therefore must be assumed 
to be the worst possible from a fatigue damage point of 
view. 

Since normal acceleration itself cannot indicate the 
actual load experienced by the structure, an asSumption must 
be made as to the gross weight to be used in converting 
acceleration to structural load. It is known that the 
assumed average will be in error for the general case so it 


1s necessary to make a conservatively high estimate, 
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usually resulting in more fatigue damage being attributed to 
Pie structure than is actually experienced. 

The damage calculations for all fleet aircraft, with the 
exception of the Grumman els. employ a modified 
Palmgren-Miner damage Sun Without “accounting Om 
sequence. The A-6 calculations do use a seguence-dependent 
damage rule; however, another conservatism creeps into these 
calculations. Since nothing is known of loading sequence 
in the present system, the worst possible sequence must be 
assumed. The penalty for aSsuming the worst Sequence is a 
reduction in life of a factor that may be as high as one 
Powrth Orvone fifth [ Rew 8]. The judicious elimination of 
this conservatism alone could conceivably keep an aircraft 
flying safely long after present criteria demand its 
retirement. The present conservatism in assumptions is made 
necessary Ly the large ‘uncertainties 70 the data 
acquired. The reduction of data uncertainties would allow 
the level of conservatism to be safely reduced so that more 


efficient utilization of costly aircraft can be achieved. 
B. DATA EXTRACTION AND HANDLING 


The current system of data extraction and handling 
requires manual interaction and involvement at every step of 
the process. It begins with the monthly recording of the 
acceleration level counter readings by squadron maintenance 
personnel, followed by the transcription of these data to 
postcards and the mailing of these cards to NADC. At NADC 
the cards must be individually examined for format ana 
content; then, when the cards have been verified, the data 
contained are hand keyed to punched cards, which must. 
themselves be hand checked for accuracy. The next step iS 
the transcription of the cards to magnetic tape and the 
printout of the data to make yet another manual check for 


completeness and accuracy. When all known errors have been 
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corrected, the magnetic tape is ready to be used in the 
fatigue life prediction computer progran. 

With the approximately 3000 aircraft already monitored 
in this faSaion, three people are required ona full time 
basis and a fourth iS partially occupied. With plans to 
extend the ovrogram to cover gore aircraft, a larger number 
of personnel may be required in the future. In addition to 
the high workloads involved in the preparation and 
verification of data from hand written records, there is the 
problem of lost data. It is not unusual that a postcard 
pecones lost in the mail and the data are unavailable for 
that aircraft for that month. This is not an irrevocable 
loss, if the aircraft instrument is not changed in the 
interim, because the counters are cumulative. If the 
recorder has been changed in the intervening period, an 
average of the valid data obtained for similar aircraft is 


used in place of the missing data. 
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Many attempts have been made to produce an economical, 
accurate and trouble-free fatigue life sensor. Some have 
enjoyed more success than others in producing usable 
information, but none has gained wide acceptance or _ seen 
Wide use. The Aict Force has sponsored experiments with 
scratch gages [Ref 4] and the Navy has investigated the 
effectiveness of S-N fatigue life gages in specimen fatigue 
tests [Ref 7}. A brief discussion of these approaches and 


the current Navy strain level counter system is given below. 


A. SCRATCH GAGE 


The scratch gage has the advantages of simplicity, very 
low procurement and maintenance cost, sequentiai information 
and permanent recorcs but there are several drawbacks 
associated with this systen. The size of the instrument, 
With a gage length of approximately six inches [Ref 4], 
engenders considerable difficulty in installation and 
placement. Given that the gage can be installed ina 
location of interest, there is the e¢cifficulty associated 
With data extraction, Since optical readers of high 
precision and magnification are needed to interpret the 
scratch records. Using Cherent technology, this 
characteristic would necessitate extensive manual handling 
and preparation of data with the attendant difficulties 
already discussed. The perfection of an automatic optical 
reader and transcriber would do much to make the scratch 


gage a viable, inexpensive fatigue life systen. 
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Beaoyt) FATIGUE LIFE GAGE 


The concept of the permanently installed, periodically 
checked, fatigue life gage is appealing in its simplicity, 
and much effort has been expended toward producing a 
practical S/N gage; however, results achieved to date have 
been less than satisfactory. Tests were conducted on a 
device of this type at NADC in order to determine if such a 
device would answer the needs of the Navy fatigue life 
program. It was the concluSion of the evaluators that the 
S/ill gage was capable of Showing a qualitative relationship 
between resistance change and fatigue damage accumulated, 
but that no guantitative relationship could be established 
reliably. The conclusion was that the S/N fatigue life 
gage, at least at present, 1S unsuitable and the accuracy of 


data produced is unacceptaole {Ref 7]. 
Ce SL RALEN LEVEL, COUNTERS 


The strain level counter device currently being studied 
by NADC has several characteristics to reconmend its uSe. 
The data received by the instrument are actual strain 
information instead of approximate load derived from nornal 
acceleration and an assumed gross weight. It 1S comparable 
in cost to present systens and uses existing counter boxes 
PoeLecona (data. The disadvantages of this approach, 
although it represents a notable step forward, are that it 
is limited to only one channel of information coming from a 
Single transducer, provides no sequence information and 
Still requires manual data extraction and preparation with 


the attendant problems discussed earlier. 
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IV. PROPOSED SOLUTION 


From the author's investigations into the CVbEeint 
technigues of calculating fatigue damage, it seems readily 
apparent that a need exists for a light, compact, sequential 
Strain recorder to replace the current systems used for 
fatigue monitoring. Such a system could pravide the data 
needed to more efficiently utilize today's multi-million 
dollar weapons systems. In order to extend the FLP progran 
to cover virtually all navy aircraft, the data extraction, 
preparation and handling should be as automated aS possible. 

What 1S proposed then is a multichannel system to 


monitor and analyze structural loads, and then record strain 


data in a compressed forn containing only 
mic tgue-Saqnificant events. A prototype system, which 
fills the functional aeeds discussed above, has heen 


developed and is currently being tested by the Aeronautics 
Department of the Naval Postgraduate School. It was 
mevertopedsin COMjuncEiION with, amd as part of, a general 
data gathering system called MIDAS (Microprogrammable 
Integrated Data Acgujsition System). During the design and 
fabrication of the MIDAS/seguential strain monitor systen, 
it was found that the requirement to "filter" the incoming 
data, decide what 1S pertinent and control the recordina 
reguires a computer of some description, as the logic 
involved makes a hardware approach extremely difficult. The 


prototype system is described below. 


16 





V. SYSTEM DESCRIPTION 


ot: ee — =e oe ee ee a ee ee ee ee ee 


The prototype sequential strain monitor consists of 
severai hardware modules purchased aS unitS and interfaced 
1 @ produce the integrated systen, which occupies 
approximately two cubic feet and weighs thirteen pounds. A 
dedicated, fcllow-on prototype could be considerably reduced 
in both bulk and weight, a matter discussed in the 
Suggestions for Future ReSearch Section of this document. A 
block diagram of the MIDAS/Sequential strain monitor system 
is shown in figure 1. 

Incoming analog signals are fed to a 16 - channel 
multiplexer/fanalog-digital converter, which converts’ the 
analog voltage level to an eight Baste binary 
representation. The converted voltage level 1S read by a 
microcomputer, which performs the data analysis and issves 
control commands to the peripheral equipment. fhe data are 
stored temporarily in an output buffer in the random access 
memory (RAM) of the microcomputer, but then fed to the 
cassette tape recorder when the buffer is full. The tape 
recorder 1S an incremental, digital cassette recorder, which 
uses the industry standard "PHILLIPS" cassettes containing 
300 feet of @ape and having a capacity to store 180,000 
fatigue events. 

There is a keyboard for program and/or parameter entry 
and hexadeciral displays to aid in user prompting and for 
program auditing. A detailed description of the various 


hardware modules 1S given below. 
A. A/D CONVERTER 
The A/D converter is a Datel Systems Inc. DAS-~16-L12B, 


which can monitor up to 16 channels of analog information in 


the range minus-five~-to-plus-five volts. Two modes of 


ey 








operation, random and sequential, allow channels to be 
monitored in sequence or separately addressed, as 
desired. In the random mode the channel number must be 
supplied to the DAS-16 along with a strobe pulse to seiect 
the channel to be converted. In the sequential node, 
channels are monitored in sequence, beginning with channel 1 
when a reset command is received. The sequential mode can be 
™short-counted" by a hardware change, or the short-count can 
be accomplished by sending a_ reset command at the 
appropriate time. 

Maximum convert time for a full scale slew of the input 
Signal is advertised as 40 microseconds. An End-of-Convert 
Signal is output when conversion is complete and the data is 
latched on the data output lines. A detailed description 


of the interface connections iS given in the wiring tables. 
pee Lous MiCROCOMPUTER 


mo | PLe=Log Corporation Pieso0s nS a complete 
microcomputer system contained on five printed circuit 
Ganpds. it utilizes the Intel Corporation SQ08- 4 
Microprocessor, which has an instruction set consisting of 
230 separate commands. The instructions are broken down 


into seven functional categories. 
Register -~ (Load and count) 
Memory - (Load and store) 
Arithmetic ~ (Add and subtract) 
POoglecat — (AND, OR, KOR, Compare, and rtotace?) 
Program Address Control - (Decisions) 
MIcerLupeE Control 


Input/Output 
A complete list of the microprocessor instructions is 


included in the appendix. 
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gne Pi-s05enhas four input and four output ports of eight 
immes ach £or a tetal of 32 input and 32 output lines. The 
ports are used for exchanging data and status/control 
information atong system components. The specific port and 
line assignments are detailed in the wiring tables. 

The PL-~805 has a capacity for 2048 words of Programmable 
Read Only Memory (PROM) and 4096 words of Random Access 
Memory (RAM) organized into "pages" of 256 words each. PROM 
is used for permanently resident programs and is 
Mitievolatalemwnercas RAM aS volatile, allowing both read and 
wroite operations for temporary program storage or data 
buffering. The appendix contains detailed hardware 
descriptions and schematic drawings. The details of 


interface connections are contained in the wiring tables. 
C. READ-#KRITE TAPE RECORDER 


The tape recorder is a Memodyne Corporation Model BR-103 
consisting of a Model 98 tape transport with rewind 
capacity, End-of-Tape/Beginning-of-Tape sensing, Motor Drive 
Card, Write Step Card and a Read Amplifier Card. A Read 
Oscillator card was manufactured locally to supply a 360 Hz. 
Signal to the Motor Drive Card for read operations. The 
four - phase stepping motor provides precise control of tape 
motion at 120 steps per inch, permitting asynchronous 
Storage and retrieval of data without producing Large gaps 
of blank tape. 

Two waveforms are reauired to write data to tape: the 
Motor Clock to step the drive motor and the Write Clock to 
CELGGger the Writing of a flux change on the 
tape. Information 1S stored on the tape in two channels 
such that a flux change on one channel indicates a logical 
"1 and a flux change on the other indicates logical 
"oO." Both thetWrite Clock and the Motor Clock are generated 
in software for write operations, permitting extremely 


precise control of the recorder. 


te, 





For read operations, the Motor Clock is generated by the 
Meaas OSGilLlator card while the nicrocomputer monitors the 
recorder output for data. The Separate oscillator for the 
read operation 1S necessary to avoid possible dropout of 
information in the read mode while generating a Motor Clock 
in software. Data must be suppiied to and extracted fron 
the recorder serially, a feature which allows great 
flexibility in data formating. Details of the interface 


POMmMecterolagdre Given in the wiring tables. 
[De KEYBOARD 


The keyboard contains the numerals 0 through 9 and the 
characters A through F to represent the hexadecimal number 
system. The “Word Entry" key sendS a signal to the 


microcomputer prompting data entry. 
ie REAR UEC EMAL DISPLAYS 


Four Hewlett Packard hexadecimal displays are mounted 
immediately above the keyboard for use in prompting the user 
and for procram review/verification. BaiiiaisVacOuve pi, Ison 
the micrccomputer 1S internally converted to hexadecimal 
characters and displayed on a matrix of light emitting 


diodes. 
re DIGI TALM@EWPRUT SERECT CARD 


The DISC 1s a locally constructed device to multiplex 
several digital signals to Input POrt 0 Or the 
microcomputer. The present installation multiplexes’ the 
keyboard and digital clock outputs to Port 0, but such a 
device would not be needed in a dedicated seyuential strain 
monitor system. The interested reader is referred to 


Reference 9 for a more detailed description. 
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Ge por STEM SSOLFTWARE 


The systen software consists of the Fatigue Life Data 
(FLD) program and several supporting service modules which 
control the interface with system peripherals. FLD is the 
routine which actS aS a system executive and links the 
service modules to perforn the desired data gathering task. 
Functional descriptions of FLD and the various service 


modules are given below. 


ee ae 8, 


FLD 1s the executive program for the sequential © 
strain monitor system. FLD calls LGAP to prepare the tape 
for recording and then writes the header information (tine, 
date and number of channels to be monitored) to facilitate 
data identification. 

FLD then initializes to zero the reference vectors 
Which will be used to store the last incremental strain 
level, xXLSfT, and the change in strain level, Dest, 
initializes. the pointers for the output buffer and begins 
the monitor task. The DAS~16 is operated in the sequential 
mode and short-counted in software using information froin 
the header concerning the top channel number to be 
monitored. 

When the flag set by FLTR (see description below) 1s 
sensed, FLD stores the data points in the output buffer and 
continues to monitor until the buffer is full or the record 
portion of the program is activated by the user through the 
JUMP routine. 

Figures 2 and 3 £4show thé output from the FLD and 
FLTR combination. Figure 2 shows a comparison of the 
continuously mnonitored signals, a five Hz. Sine wave and a 
zero reference Signal, and the "filtered" data extracted 
eiom them. This output was obtained without the flagging 
function mentioned above enabled in order to demonstrate 


that only reversal points are selected for recording. When 
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the flag function is enabled, the output from the same input 
Signals appears as in figure 3, where only the "filtered" 
data points are recorded. A listing of FLD is contained in 


the sequential strain monitor software listing. 


-~ 


The FLTR routine monitors the incoming strain data 
to determine api a fatigue-significant event has 
occurred. The two oFererence Vectors, XLST and DxiLST; 
mentioned above are used to maintain a running account of 
incremental strain level andthe cnange in that level for 
each channel. XLST and DXLST are updated for each five 
percent change in strain level and when the proper criteria 
have been met (a five percent or better change from the last 
point and a reversal of algebraic sign) a flag is set and 
all channels wiil be stored in the output buffer. A 
listing of FLTR is contained in the sequential strain 


monitor software listing. 


3. Service Nodules 
The service modules described below are a part of 
the software developed during the design and construction 
phase of the MIDAS/Sequential Strain Monitor system. The 
MIDAS softvare listings contain some routines not deScribed 


here but they are not used in the strain monitor routines. 
a. Joie 


JUMP allows the user to enter the address of a 
routine which he wishes to exercise, then jumps to that 
address and executes the routine. This is the technique 
used for accessing FLD. 

To use JUMP, the user resets the system uSing 
the reset button; then enters the line number and page 
number of the routine he wishes to access. The description 


of KEY has more details on keyboard operation. 
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b. LGAP 


LGAP writes a long unmarked leader on the 
magnetic tape to ensure that no information is inadvertently 
lost or garbled by attempting to record on the clear leader 
or the first, possibly soiled, few inches of tape. LGAP is 


Wsed in all routines @hich write to the recorder. 
or SGAP 


SGAP writes a four byte long, unmarked gap 
‘between records to ensure that the recorder is allowed 
sufficient space to react to start/stop commards without 
Overwriting information While recording or causing "hit 
dropout" during read operations. Like LGAP, SGAP is used in 
ali routines which transfer information to ¢he magnetic 


tape. 
dG. CLK 


GE activates tthe DESC” {Digital Input Select 
Card) which controls the input to Port 0 of the 
- MiCrOproceSSoOr. The current hour and minute reading fror 
the digital clock is then stored in memory at the location 
indicated before the call. CLK is used by all data routines 


to put an identifying time in the header information. 
e. KEY 


KEY 1S the routine which reads the information: 
entered via the keyboard and stores it in the memory 
location set before the call. KEY is used toa enter the 
header information needed to short-count the DAS-16 and to 
identify each data run. 

KEY stores the information entered in register A 
and displays its contents to the user through the 
hexadecimal displays. The data are not accepted for use 
until the "Word Entry" key is depressed, allowing the user 


to correct any errors in keying before entering the data. 
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hepa 2s the Lcroutine which Controls the tape 
m-cordcr and) fceds it the anformation from the output 
buffer. The motor clock and write clock are both generated 
in software by this routine, allowing absolute control over 
the recorder. The parameters which must be supplied to the 
routine are: the beginning address of the data to be 
recorded, the number of bytes to be recorded and whether the 
operaticn is to be a write or erase. The maximun number of 
data words which may be recorded during one call to RCDR is 


256, the contents of one "page" of memory. 
H. DATA EXTRACTION 


To facilitate data extraction, a separate reader was 
constructed and interfaced to a Hewlett Packard HP-9830 
progrannable Calculator. The reader consists of a 
read-vrite tape recorder, identical to that in the 
Sequential Strain monitor system, coupled to a Pro-Log 
Corporation PL-803 microcomputer. The PL-803 iS very 
Similar to the microcomputer used in the sequential strain 
monitor/MIDAS system but consists of only three printed 
Seipeuat Cards and bas only 28 input/output lines instead of 
the 64 for the larger system. The HP-9830 controls the 
Pl-oUs Witch, in turn, controls the recorder to extract the 
data and store it in the HP-9830 memory. Two options exist 
for data display; a graphical presentation such as shown in 
Plagubess 2 and 3, Or a tabular output such as figure 5. The 
program for the HP-9830 is written in BASIC and is listed in 
the software section, as is the assembly language progran 
Listing for the PL~8903. 
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ieee een ren PRCE WIRING TABLES 


The tables on the following pages are provided in lieu 
one Complexe WirinG diagrams. It is felt that this format is 
easier to comprehend and more useful for duplication of the 
System if desired. The asterisk notation in the tables 


indicates the logical NOT operation. 


ZS 








Pocteowle why Omar nbOlLS USED ITN INTERCONNECTION TABLES 


-~ 


SYMBOL MEANING 


Ixx Input card, pin xx 
Oxx OMEpat card, pin xx 
Kx Keyboard,pin x 


Dawilexs DAS= 16, jack N, pin sx 


Mx x Memodyne, pin xx 
Cxyx GroOck, pln xx 
DEX PiSc pin xXx 


Di-f-<ee Dest ANpPut Port’ n, pin x 


Hn- xx Hexidecinal display number n, pin xx 


tae emi weet Onn UKs ySOARD 


BIT I/0O Dist LINE NAME 
TSR TERS 

Or Sai) K=O Keyboard 0* 

1 .(Cs43° K-28 Keyboard word entry* 
6 no connection 

5 no connection 
a oh S Keyboard 8* 

Sot ek 4 Keyboard 4* 

2° Alaoot KZ Keyboard 2* 

1 f=55 ka Keyboard 1* 
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BIT I/0 
TER 


BI 


~~ NO Ww ££ MN BWA I DW 


=~ HO WwW F|F| WO WwW NY @® 


| 


I-41 
L=43 
I-45 
I-47 
I-49 
foe 
eS. 
E55 


E=50 
ere 
f=54 
L=56 


hae lieu eee ORT  O=D1SC 


DBCS) Sh 
Woo gay 


Di 13 
DiZ 
DI-16 
Diao 
BrE= 9 
Pian] 
DI-15 
DI-14 


Table IV. 


DIST 
Teo 


Ne7 


D-4j2-D 
D~j2-C 
D-j2-B 
D-j2-A 


LINE NAME 


DESC. dasgital out 
DISC digital out 
Deseo edngi da lout 
DISC digital out 
DESC digital out 
DilsGlOrdical. out 
DISC digital out 
Diese Ol Guea lL Out 


=a NO WwW £ MO BW NID 


INPUT PORT 1-MEMODYWNE/DAS-16 


LINE NAME 


Tape clock 

Tape data 

nomconmlect von 

no connection 

DAS=16 digital out 9 
Das 16 droutal out 10 
Diva tomeroqttal out 17 
DAS-16 digital out 12 (LSB) 
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Table V. INPUT PORT 2-DAS-16 


Barer /O, DST LINE NAME 
PER “DERM 

8 ILS TS) Be) ae Disa drortaleourt 1(4SB) 
tte Daye i Dio wlG -dLo1talloutc 2 

Coe 2 ee DAS-~16 digital out 3 
See a 2-1 Desoto edigital out & 
tio)  D= 42>) DAS-T6 digital out 5 

SP ab ss beg eae Dko-6 diqitalwout 6 
AMG ae Tas DAS—i6 dagatal out 7 
li! 2 Doo f Pec etonatci tal out ¢ 


Papver Vic 1yPpur {PORT 3-DAS=16 
‘ LINE NAME 


i) Dee f Dro (oO 7husy/ENd~or-Cconvert* 
no connection 
no connection 
no connection 
no connection 
no connection 
no connection 


no connection 


ma NO Ww WwW fF WN BW NY ® 


no connection 
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Bit 


=a WH Ww © Wm Dn J) @® 


BIT 


= WwW F&F WN WwW YI ® 


I/O 
TERM 


O~-42 
O~-44 
O-46 
O-48 
O-50 
Oeo2 
O-54 
O=56 


ae | 


bo 
fo © 


if 


O-4 1 


0-43 
Q-45 
O-47 
O~-49 
O=5.1 
O59 


Pape Vil. OURPUT SPORT 


DEST 
TERM 


HO-80 
HO~40 
HO-20 
HO-10 
40-08 
HO-04 
HO-02 
HO-01 


Ielog as RIES 


BEES 
TER 


H1-80 
H1-40 
HigZ0 
H =O 
H1-08 
H1-04 
el i101 


LINE NAME 


hexadecimal 
hexadecimal 
hexadecimal 
hexadecimal 
hexadecimal 
hexadecimal 
hexadecinal 


hexadecimal 


OU REE Onis I=pisPpiuay 


LINE NAME 


hexadecinal 
hexadecimal 
hexadecimal 
hexadecinal 
hexadecinal 
hexadecimal 


hexadecimal 
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Q=DISPLAY 0 


display 
display 
display 
display 
display 
display 
display 
display 


display 
display 
display 
display 
display 
display 
display 


= 


oO. © - © © OFC = 


= 


~~ 


= 


= 


~~ 


i 


= 


a) 


= 


ba] 


= 


bh} 


bh) 


80 
40 
20 
10 
08 
04 
02 
01 


80 
40 
20 
10 
08 
04 
01: 











BIT 


a NO £ £€F& MN DW NJ @® 


Bae 


ma Mo WwW £ YN NN SJ @® 


1/0 
TERM 


I/o 
TERM 


Os} 
O=9 
O14 
O=13 
O15 
O- 17 
Gao 
0-21 


TaupLe © xX. 


DE Se 
TERM 


D-51-13 
D-5 1-12 
D-j1-N 
D-j1-P 


~ 


LINE NAME 


DAS~16 
DiS — 16 
DAS— 10 
DAS-16 


Randon 
Random 
Random 


Randon 


~ 


Address 
Address 
Address 


Address 


DEST 
DI-X 
|O)0 ia 
[BB eaie, 


Des 
BESC 
OB SYS 
DISC 


PORT 1 
PORT 2 
Pots 3 
PORT 4 


Select 
Select 
Select 
Select 


Table xX. 


Dist 
ABS 


D-j1-11 
D-j1-9 
D- 31-10 
D-j1-“4 
M-22 
M1 
M-10 
M-2 


OUTPUT PORT 2+DAS-16/DISC 


8 * 
Uy > 
2 * 
1* 


OCUEPUT PORE S—-DAS— 16/ HN ENODYNE 


LINE NAME 

DAS low Bag. * 

DAS-16 CONVERT* 

DAS-16 RANDOM /SEQUENTIAL* 
DAS-— Toss ROBE * 

MEMODYNE #RITE/READ* 
PEMODTris Hhrre CLOCK 
MEMODYNE MOTOR CLOCK 
HEMODYNE SERIAL DATA IN 
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CLOCK 


Cans 1 
Can= 10 
Can 1 
Cane 10 
CIs 
C-4 
Caz 
C= 


avenue x live 


DiS C 


Ds ee lat 8 
DiS ia 
Dui 6 
Dit i= 3 
DiIz1=4 
Dit = 3 
Die \s2 
iB Ves eo 
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CEOCK-Pisc 


USE 


unit minutes digit select 
ten minutes digit select 
unit hours select 

ten hours select 

BED 8 

BCD 4 
BCD 2 
BCD 1 





Table XIZ. POWER DISTRIBUTION 


TERM POWER 

La, 2 ule) a we 
Pao, 4 0 

Jisaisy Ae = NOW 1 ae 
Mais tOVeilen3 a’. 
M-14 0 

Yee TS +1IZV tas 
P= y2-Y,2 devs Oe OA « 
Dowie, to > TOO. 0 / a. 
Veale a wy 0 

Baa2-U + lo, 0. tod. 
Data t ) 

Dayz —72 0 

OH Be tov Ue 2d. 
Diez 2 0 

Cs tye) <a as 
C= = 10 7.0 aya. 
H~+ #5v, 0.8a. 
ula 0 


a2 


USE 

nicrocomputer 
microcomputer ground 
microcomputer 
BeGorder 

recorder ground 
recorder 

DAS~-16 

BAS-16 

DAS IGogLround 

DAS-16 

DAS-16 device select 
DAS-16 Sequencer enable 
Disc 

DISC ground 

Glock 

Glock 

display 

display ground 





Vir DUGGE SL LONSS ee FUPURE RESEARCH 


on Pos eee a Se eee oe ee oe ate er ee ee ee eee ee oe wee eet aml eee me 2 Se ew 


Several areas exist where future research Or 
investigation could prove very useful. There 1s an 
immediate need for a follow-on prototype of the fatigue life 
data system which should see flight test in Naval aircraft. 
From the author's experience with the first prototype, 
several features of the follow-on prototype have suggested 
themselves. It should not be necessary to have the large 
input/output capabilities associated with a general data 
system such as MIDAS; a smaller microcomputer, such as the 
PL-803 described earlier, could be used. An elght bit 
analog-digital converter could profitably be employed in 
place of the twelve bit model modified for the MIDAS 
System. There should be no necessity for interaction with 
the program; the keyboard could be omitted and function 
Switches installed to perform the header writing and output 
bufrer dump now done with the keyboard. A write-only tape 
deck could be used in piace of the more expensive read-write 
model used for MIDAS, but some ground-based BecCoOrdier 
facility for extraction of data would be needed to support 
such a systen. A single unit cost for the flight systen 
components has been estimated at $2000.00 for a system 
occupying about one cubic foot and weighing approximately 
three pounds. 

Automation of data extraction and handling, including 
the preparation of magnetic tape data records directly 
compatible with @€xisting computer hardware and Software at 
NADC, is possible with this system in the short-tern 
future. A system for transcribing data cassettes directly 
to IBM or CDC compatible tape at the squadron/ship/air 
Station level would be straightforward and would do much to 


alleviate the problems of data handiing already discussed. 
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Vet. CONCEUSIONS 


ae ee ee a ee Oe oe op 


Future fatigue life monitoring/prediction programs will 
of necessity require nore accurate data and wore 
sophisticated damage calculation technigues to permit more 
efficient Heit bZat lon of weapons systems by safely 
prolonging their service lives. It is believed that the 
multichannel, seguential strain monitor system proposed 


herein affords at least a part of the answer to meeting 


those reguirementS in the not-too-distant future. The 
Goupling of its proven ability to extract 
fatigue-significant data from a continuously nonitored 


loading seguence with an updated damage calculation program 


would be a credible first step toward that goal. 
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Figure 4 
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FATIGUE LIFE STRAIN ROUTINE OUTPUT — 


OPTIONS AVAILABLE 
1, TABULAR OUTPUT 
CoCr ene OU Lr UT 


HEADER INFORMATION 
TIME 0933 DATE 05 14 75 
TOP CHANNEL IN CYCLE 02 


CHAN 1 CHAN 2 
NS P23 
257 128 
20 128 
256 | ASS 
2.0 128 
OT | 128 
19 128 
S| 128 
1g 128 
258 as: 
18 128 
Zool 128 
no N28 
257 P28 
2.0 Jaren’ 
256 128 
20 128 
Zod 128 
19 Pas 
257 128 
18 rae 
258 rete! 
18 128 
257 128 
Ls ee 8 
Zool ae 
20 12& 
256 b2S 
2.0 f2s 
OM | a5 
19 P25 
257 128 


Figure 5 
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1. MPS 800 SUMMARY 


mPos 800 systems are 8 bit microcomputer card systems suitable 
for implementing random logic and alpha-numeric data handling 
applications. AS shown in Figure 1-1, the MPS 800 system 
Memsists of a CPU card, ROM and RAM memory cards and I/0 

Sardas. The ROM memory cards are implemented to accept either 
programmable erasable PROMs for speedy program implementation or 
Pin compatible masked ROMs for volume production. The CPU card 
uses the 8008 microprocessor chip. 


BeU CAPABILITIES 


Fourteen bit program address 
Seven level address stack for subroutines 
Six, eight bit general purpose registers 
Peehe it accumulator plus carry 
Permthmeric and accumulator instructions 
N@gmeanta “Suotract With O& Without carry 
hOmmsemler ft Or Tleht through or around carry 
Beei1cal instructions 
AND, OR, Exclusive OR, COMPARE 
Decision making (address control instructions) 
Mest @poecrations fOr zero or nonzero result 
Hest Garry 1O0r JOe1c One or Zero 
Hecpeope. atlon Paricyetor odd of even result 
Neecreoperation Sten (ios) for™¥epic one or zero result 
Imput/output instructions with direct addressing 
Memory instructions ° 
Register to Memory 
Memory to register 
Logical from memory 
Arithmetic from memory 
Register instructions 
Register to register load 
Increment and Decrement 
Expandable Single line interrupt 
CPU disconnects from Data, address, and control for DMA 


MEMORY 


Pe and RANG ororram Or data storage up to 16,384 words 
Procramnmaple erasable ROMS: 5202, 1/702 type 


BNPUT /OUTPUT 


192 TTL output lines directly selectable 

64 TTL input lines directly selectable 
imembeinStriuction, gates data into the CPU accumulator 
GQirpout instruction, latches accumulator data at output 
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2. MPS 800 HARDWARE 


meeeurPsS SOO series provides a choice of microprocessor card sets with 
@eeiering e€xpandability. Each set is complete with CPU, ROM memory, 
mem memory, input and output. All sets are assembled using combina- 
mons of the following cards: 


foot CPU with data, address, and control 
eee KROM/RAM Combination 1K ROM, 2K RAM 
peo l/O Gomormation of 28 TTL 1/O lines 
ella INPUT 32 gated inputs 

peo OUrPUI 32 latched outputs 

8116 ROM 2K memory 

Sll7 RAM 4K memory 


The MPS 803 is complete on three cards providing the lowest cost com- 
Manation for limited system size. temticluces the 6 it 1 CPU ws 1b 
ROM/RAM and 8113 1/0. Direct system expansion is limited to 4096 
words of ROM and 8192 words of RAM and a combination of 28 I/O lines. 


moe MPS 805 is complete on five cards providing maximum expansion 
Meoadility of ROM, RAM, and I/O. It includes the 8111 CPU, 8114 Input, 
mee Output, 8116 ROM, and 8117 RAM. Expansion is unlimited to the 
el. address capability of'16,384 words of memory in any combination 
Meenas and ROM, 192 output Jines, and 64 input lines. 


The user may assemble other sets based on his need. A system requir- 
ing expandable I/O with minimum memory requirements can be assembled 
MeetOur cards using the 8111 CPU, 8112 ROM/RAM, 8114 Input and the 
mel5S Output. 


A system requiring expandable memory with minimum I/O requirements can 
be assembled on four cards using the 8111 CPU, 8113 1/0, 8116 ROM and 
the 8117 RAM. 


BATERCONNECTING MPS 800 SYSTEMS 


@ne partitioning of the MPS 800 system provides a simple interconnect 
mmieme. Most connections are made from the 8111 CPU to the other sys- 
tem elements. The 8111 interface consists of a data bus, address bus 
Moa control bus. 


DATA BUS 

DINx* Dipiminomess | hie, S bit data input bus. Data from RAM, 
rom INPUT, Interrupt, etc: to the CPU. 

DOUT* Pato sOurmClciltSs = the S bit data output bus. Data from 


evesCr Ueto RAM memory . 
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JESS _BUS 


Plemess Outputs. The i4 line address bus. Address to ROM and 
fPeereimemory. Port selection to 1/0. Output data for output 
pert Ss . 


iROL_ BUS 


£ 


rx 


Vg 


Suonat trom the CPU for gating input port data to the CPU. 


peonal trom the CPU for strobing output port data from tie 
eeu ta the output Patches. 


imetoe MeMOry OULPUL. Signal for strobing memory write data 
from the CPU to RAM memory. 


Read memory output. Signal for gating memory read data to 
the CPU. 
mead memory interrupt outpwt. if the system is wired for 


meen ripe, thas Sagnal is used instead of RDI to gate memory 
mea data to tite’ CPU. RDME* does not occur during interrupt 
eyeles. 


Memory ready input. Tnis Signal causes the CPU to wait for 
tietcedata on tne DIN bus or holds output data on the DOUT 
bus. 


Interrupt response output. A signal which occurs in response 
Portic woah IMoub.  <LNITR* ws used externally to gate 
Micecmrup. data vO the DIN bus. 


Interrupt request input. A Signal on this line causes the 
CPU to-executve an interrupe cycle. 


Pirectrruptniema input. © A Sitenal on this line during ianterrupe 
causes INth = bo Tremailm active as long as IHLD* is true: 
This line allows multi-byte interrupt. 


pectic Input. A Signal Ontnis line during reset prevents 
power-on interrupt. 


Reset input. <A Signal on this line causes the program add- 
mescecOUnwer In the CPU wo be reset to vzero. 


Reset output. A signal which occurs in response to the RESET* 
mio. Or power tlrn Om. This signal can be used to reset the 
output latches. ti Kol* 4s wired to KRS*, power-on restart 2S 
disabled. If RST* is wired TREQ*, power-on restart is enabled. 


SrOP* indicates that the CPU is halted and all address, data, 
and control lines are released by the CPU for DMA operations. 
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MPS 803 8 BIT MICROPROCESSOR SYSTEM 


a 
pitas PCESSGR 


A three card 8 bit microcomputer which implements the 8008 CPU into a working system with ROM/RAM and 1/O. 
The system includes features to ucconmodate DMA and Interrupt or power-on external restart. The 803 is designed for 
low cost control or minimum data handling applications. 


FEATURES 


e §008 CPU with Interrupt and DMA capability 2 
e All memory usable as data or program storage 

e 256 words of ROM memory with 1024 word capacity 

e 1024 words of RAM memory with 2048 word capacity 

© 28 TT].1/O lines field selectable as input or output 


e Limited expandability on ROM, RAM and 1/0 
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8 5 B92 [HCRGPROCESSGR 
GVSTEM SPECLIOBTIONS 


Physical 


Three 4.5” by 6.5” printed circuit cards 
— One 8111 CPU ecard ~ 
— One S112 ROM/RAM card 
— One $113 1/Ocard 
Connector Requirements for each card 
56 pin, 28 position dual read-out on 0.125 centers 
CPU Card includes 
SOOS CPU 
Crystal clock 
Address latclies, data buffers, and control decode circuits. 
Power-on and external restart. 
DMA buffers. 


ROM/RAM card includes 
One 1702A PROM (256 bytes) and four PROM sockets 
Eight 2102 RAM (1024 bytes) and sixteen RAM sockets 
Socket for card expansion circuit. Limit 2 ROM/RAM cards 


1/0 card includes 
28 TTL 1/C circuits selectable in groups of 4 as input gates or output latches. 


Operaticnal 


ePU 
Executes all of the 8008 instructions. 
4 microsecond time stute cycle using 8008 (MPS 803). 
2.8 microsecond time state cycle using 8008-1 (MPS 803-1). 


Memory for data or program storage expandable to 2 cards 
ROM, 1024 word capacity per card. 
RAM, 20-18 word capacity per card. 


Input and Output 
Input gates implement the iNP instructions. 
Output latches implement the OUT instructions. 
Requires external address decoding for card expansion. 


Interrupt or External Restart 
Single line, synchronized inierrupt on CPU card can be optionally wired for multi-level interrupt or 
Power-on external restart. 
Multi-level Interrupt: Control lines available for external interrupt such as 8118 priority interrupt card. 
Power-on and external restart option: CPU starts at instruction location 0000 by wiring restart output from 
CPU card to Interrupt Request input. 


DMA (Direct Memory Access) 
Data, address, and control lines are 3-state disconnected by the CPU following a HLT instruction allowing 
DMA by peripherals. The CPU inust be interrupted to continue following a HALT. 


Electrical Requirements 
Refer to individual data sheets and schematics on the 8111, 8112, and 8113 for interface and wiring. 


Power Requirements for the three card set fully loaded 
+VCC = +5 volts 5% @ 2 Amp maximum (35mA per ROM, 50 mA per RAM) 
GND 0 volts 
—VDD = —9 volts 5% @ 750 mA inaximuny (35 mA per ROM) 


Hardware Accessories 
Compatible with Series 8-400 interface cards. 
Fits CRS, CR1O or @119 card racks 
Use M272 of M273 power supply 
PROM?’s programmable on Series 81] programmers 
Software 
MPS 803 hardware is fully compatible with any 8008 software assuming I/O and interrupt can be assigned 
compatibly. Teletype operating system and system monitor available. Assemblers, compilers and simulators 
available through computer time-sharing services. 
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tea bee JHe ULE be ibs 

A five card § bit microcomputer which implements the 8008 CPU into a working system with ROM, RAM, Input and 
Output. The system includes features to accommodate DMA and Interrupt or power-on external restart. The 805 is 
designed as a fully expandable system for programmed logic applications, moderate data handling, or minicomputer 


replacement. 


‘ 


FEATURES: 


S008 CPU with Interrupt and DMA capability. 

Crystal clock with better than 0.1% accuracy. 

All memory usable as data or program storage. 

256 words PROM memory with 2048 word capacity. 

1024 words RAM memory with 4096 word capacity. 

ROM and RAM memory card expandable toa total of 16K words. © 
32 TTL output latches card expandable to 192 latches. 

32 TTL input gates card expandable to 64 inputs. 
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Figure 2-2 MPS 805 8 Bit Microprocessor 
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Three 4.5" by 6.8" printed circuit cards 
- One 8111 CPU card 
— One &114 Input card 
— One §115 Output card 
— One 8116 ROM card 
— One 8117 RAM card 


ITIOATIAN 
eit tein 


Connector Requirement for each card 
$6 pin, 23 position dual read-out on 0.125 centers 


CPU Card includes 
§008 CPU 
Cry stal clock 
Address latches, data buffers, and control decode circuits. 


Power-on and external restart. 
DMA buffers. 


ROM Card includes 
One 1702A PROM (256 bytes) and cight PROM sockets 
Socket for card expansion circuit (up to 8 cards) 


RAM Card includes 
Eight 2102 RAM (1024 bytes) and thirty-two RAM sockets 
Socket for card expansion circuit (up to 4 cards) 


Input Card includes 
32 TTL input selector circuits addressable in groups of 8 
Socket for card expansion circuit (up to 2 cards) 


Output Card includes N 
32 TTL output latch circuits addressabie in groups of 8 
Socket for card expansion circuit (up to 6 cards) 


Operational 


CPU 
Executes all of the S0CS instructions. 
4 microsecond time State cycle using 8008 (MPS 1805S). 
2.8 microsecond time state cycle using 8008-1 (MPS 805-1). 


Memory fo; data or program storage card expandable to any combination of ROM and RAM to 16384 words 
ROM, 2048 word capacity per card. 
RAM, 4096 word capacity per card. 


Input and Output 
Input gates implement the INP instructions. 
Output latches implement the OUT instructions. 


Interrupt or External Restart 
Sing!: line, synchronized interrupt on CPU card can be optionally wired for multi-level interrupt or Power-on external restart. 
Multitevel Interrupt: Control lines available for external interrupt such as 8118 priority interrupt card. 
Power-on and external restart option: CPU starts at instruction location 0000 by wiring restart output from: CPU card to Interrupt Request input. 


DMA (Direct Memory Access) 
Data, address, and control lines are 3-state disconnected by the CPU following a HLT instruction allowing 
DMA by peripherals. The CPU must be interrupted to continue following a HALT. 


Electrical Requirements 

Refer to individual data sheets and schematics on the 8111, 8114, 8115, 8116, and 8117 for interface and wiring. 
Power Requiresnents for the five card set fully loaded 

+VCC = +5% @ 3.3 Amp maximum (35mA per ROM, 50mA per RAM) 


GND 0 volts 
—VDD = —9 volts 5% @ 900 mA maximum (35 mA per ROM) 
Hardware 


Compatidle with Serics §400 interface cards. 

Fits CRS, CRI0 of CRI9 card racks 

Use 1273 power supply 

PROM's programmable on Senes 81 programmers 
Software 


MPS 800 hardware 1s fully compatible with any 8008 software assuming I/O and interrupt can be assizned compaubly. Teletype operating system 
and system monitor available. Assembicrs, compilers and simulators available through computer time-sharing services. 
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molt RUCTION CYCLE 


mae MPS SOO systems operate as do all computers by periodically 
mee, continuously retrieving groups of bits from a program memory 
moa performing operations detined by the bit patterns of these 
Mimstruction words. The instruction cycle of addressing the 
program memory, fetching the instruction word and executing 

the operation requires multiple time intervals. The total time 
memecmplete the anstruction cycle is called the instruction cycle 
time. The instruction cycle time for the MPS 800 systems is 
variable, requiring more time to execute some instructions 

maan others. 





fine STATIS 


Mie instruction cycle times for various types of instructions [fit 
mato fifteen time intervals or time states as shown in Figure 3-1. 
meeecach time state, the CPU operates with 8 bits of information. 
The instructions may use as few as three time statesS or aS many as 
eleven. Each time state is defined by the 9, and @, clock signals 
ena the SYNC signal. The frequency of the two-phase clock deter- 
mines the actual time of the time states. The MPS 800 operates 
With a 4.0 microsecond time state and the MPS 800-1 operates with 
@ 2.8 microsecond time state. | 


MEMORY CYCLES 


The lo time intervals are divided into three memory cycles, each with 
Meerine States. For each memory cycle the first two time states T 

mod Is are used for addressing either memory or I/O. The third time 
meate [3s iS always information retrieval or storage. The last two 
time states Tg and Ts are execution time states which do not occur 
Every memory cycle. ; 


Behe instruction set includes single, double and triple word instruc- 
mons which require one, two or three memory cycles. The instruction 
set also includes various Single word instructions which require two 
memory cycles and a double word instruction requiring three memory 
cycles. 


PkSTRUCTION OR DATA CYCLE 


mmemory cycle can be an instruction cycle or a data cycle depending 
on whether memory is addressed by the program address counter or the 
memory registers within the CPU. 


moe first memory cycle Ml is always an instruction cycle where the 
program address counter addresses the program memory and the instruc- 
aon is fetched to the instruction Memerer., (lic Secondgeand. wird 
Zmemorvecycoles, M2 and M3, can be either instruction or data cycles. 
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meere are three types of double word instructions (LRI,ALI,LMI) where 
mee second word is data to be operated upon. The address control 
M@eetructions (JUMP) are triple word instructions where the second and 
third words contain the jump address. 


me. Other instruction are single word instructions. Some of the 
Single word instructions (LRM, LMR, ALM) require a second memory cycle 
mm Operate with memory data. LMI is a double word instruction which 
requires a third memory cycle to transfer the data of the second 
mestruction word into memory. All memory instructions (LMI,LRM, LMR, 
ALM) use the memory address registers H and L to address the data 
words for the additional memory cycles. 


MEMORY AND I/O TIMING 


The timing waveforms in Figure 3-1 indicate that memory and I/O 
meming occur in time state T3. The RDM, WRM, IN and OUT signais 

Mee the control signals available from the 8111 CPU card. The 

CPU sets up the address at Tl and T2 time and the appropriate 

Signal operates on the data at T3 time. RDM gates memory data to 

the CPU. WRM strobes CPU data to memory. IN gates input data ~ 
mom J/O. OUT strobes output data to I/O. 
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4. MPS 800 SYSTEM ORGANIZATION 


SeNLTRAL PROCESSING UNIT 


mm 6 computers consist of a central processing unit (CPU) and 
meomory that has a stored sequence of instructions for the 
meee «CdD He 6 CPU 1S Gperated by a clock circuit to address, fetch, 
maa execute the instructions stored in memory. The CPU fetches 
fe instruction by sending an address from a program address 
counting register to the program memory. The program memory 
decodes the address and sends the selected instruction to the 
meu. The CPU stores the instruction in an instruction register 
where it 1s decoded and executed. 


MPS 800 SYSTEMS 


The MPS S00 systems are controlled by the 8008 CPU chip. The 
mee performs control and data transfer functions with the logic 
elements shown in the system data flow diagram Figure 4-1. The 
merPU communicates with memory, and I/O ports by connecting 
appropriate elements of the system to the 8 bit CPU BUS. 
Conceptually the information paths exist as shown in Figure 4-1. 


meeaddition to an instruction register and program address 
Mounter, the CPU contains a program address counter stack, an 
merthmetic logic unit (ALU) with an eight bit accumulator 
register, and 6 eight bit registers for intermediate data 
storage. 


meolRUCTION REGISTER 


mnie instruction register shown in Figure 4-2 consists of eight 
mits of storage and decoding for single word and the first word 
e2 multiple word instructions as they are received irom the 
program memory. 


mee second and third words of a multiple word instruction do 

mer go to the instruction register but go as either data to the 
general purpose registers or as a page and line address of the 
meopram address counter. The 1/0 instructions in the instruction 
register contain the device selection address of the input or 
Bucput device. 
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FIGURE 4-2 


Instruction Register, Program Address Counter, 
and ‘Subroutine Address Stack 


PROGRAM ADDRESS COUNTER 


The program address counter shown in Figure 4-2 is a 14 bit 
Sequential counter which keeps track of the location of the 
Bext instruction to be executed from program memory. The Six 
most Significant bits are called the page address and the 

Cight least Significant bits are the line address of the 
M@nistruction on a page. The program address counter is normally 
incremented by 1 for each instruction word unless the instruc- 
tion is the type which modifies the count by loading a new 
address. 


SUBROUTINE ADDRESS STACK 


The subroutine address stack shown in Figure 4-2 consists of 
Seven 14 bit registers used to save the program return address 
mOr each of seven allowable subroutine levels. The Subroutine 
address stack is controlled by three CPU instructions, entry 
Meerructions RST and JMS and a return instruction RET. Each 
Bencry to a subroutine causes the program address counter to be 
transferred to the top most level of the subroutine address 


Stack. The seven levels in turn are pushed down to accommodate 
the new entry. The lowest level is lost off the bottom of the 
meack. Each return from a subroutine causes the stack to be 


Pulled up one level with the top most address going to the 
program address counter. 
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FIGURE 4-3 


General purpose registers and ALU 


HeenaAl PURPOSE REGISTERS 


né general purpose registers as Shown in Figure 4-3 consist 
Meeeven 8 bit registers referred to as A, B, C, D, E, H, and 
Memeeaca can be transferred by instruction from register to 
fester (LRR), register to memory (LMR), memory to register 
mee Or from the second word of the instruction to the 
[eester (LRI). All registers except the A register can be 
Mememented or decremented by instruction. 


@eeeand I, registers, in addition to performing all register 
perations, together form the memory address register. These 
Meesters are sent out under program control as the address 
Meememory operations (LMX, LRM, ALM). When used to address 
Meery under prcegram control, the H register must contain the 
Memorder bits (PAGE adr) and the L register must contain the 
meeoraer bits (line adr). 


ARITHMETIC LOGIC UNIT (ALU) 


Memedition to being a general purpose register, the A register 
@emeets associated carry bit is a part of the arithmetic logic 
Meee The arithmetic logic unit provides the arithmetic 
Wietions of ADD and subtract with or without carry, and the 
Mecal functions of AND, OR, exclusive OR and compare. The 
Mithmetic logic operations can be performed on the A register 
Mem the other registers (ALR), from memory (ALM) or from the 
Meena word of the instruction (ALI). The A register can also 
MerOtated to the left or to the right either with or without 
Meecarry . 


oD 








STATUS FLAGS 


mac CPU contains four status flags which define the result of the 
meerement and decrement instructions on any register (except A) 
Meer ne result of the arithmetic and logic instructions on the 
meererister. The four flags called C, Z, S, and P can be tested 
my the address control instructions to make deciSions. 


mene C flag represents the (logical 1 or O) condition of the carry 
mee tOllowing the arithmetic and logical instructions and the rotate 
Mistructions. 


The Z flag represents the (equal zero or not) condition of the register 
mOllowing the counting instructions and the arithmetic and Logical 
mnstructions. 


me © flag represents the (logical 1 or 0) condition of the sign (most 
Meeniticant bit) of the register following the counting instructions 
meee arithmetic and logical instructions. 


mene P flag represents the (odd or even)parity condition of the register 
merlowing the counting instructions and the arithmetic and logical 


M@istructions. "Parity odd'' means the register contains an odd number 
Mm il bits. "Parity even'' means the register contains an even number 
or ji bits. 


The instruction tables of Seculon 5 Indicate Virech ImMorruetilons a7 16ece 
mnie Status flags. 


HYPES OF MEMORY 


There are two uses for memory in computing systems, data memory for 
MarOormation storage and program memory for storage of the instruction 
Sequence. Data memory is accessed by executing memory instructions 
Whereas program memory is accessed by the CPU program address counter. 
mM typical system may have a separate memory for data storage and one 
for program Storage or it may have only one memory used for both data 
mand program storage. 


Memory can also be of two types, Read-Only Memory (ROM) or Read-Write 


Memory (RvwM). Program memory can be either ROM for fixed programs, RWM 
ere Variabilte programs, or combinations of the two. Data memory can also 
me either ROM or RWM. ROM data memory is fixed for constants or table 


look-up while RWM data memory isS variable for data manipulation. 


MPS 800 MEMORY 


The MPS 800 systems have one type of memory used for both program stor- 
Me and data storage. This memory can consist of either ROM or RWi in 
any combination. The CPU instruction set is designed to work most 
mificiently with some RWM on the system. The limited number of general 
Hurpose registers usually require additional register allocation in Ris 
when executing any sizeable program.. 
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Meeeeo Memory is defined for convenience as a page oriented memory of 
ier as per page as shown in figure 4-4. The CPU addresses the page 
fuenie, trom either the program address register or the memory address 
femeeeer, and the memory sends the 8 bit word at that address to the CPU. 


fps Dit addressing capability of the CPU allows direct access to 64 
feeeeol memory with six of the high order bits used as the page address. 
‘Weeeerent low order bits are used for the line address within a page. 
Seed line addresses are conveniently represented using hexadecimal 
notation. 










HEXADECIMAL 
PAGE 
ADDRESS 


64 PAGES 









256 LINE 
ADDRESSES 


8 BIT WORD 


Figure 4-4 Memory Page And Line Organization 
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PsPUTS AND OUTPUTS 


Maternal operations are accomplished through 
Mines for each port. The I/O operations are 
M@istruction register and Register A as shown 


Mert is selected directly by the instruction. 


Out of Register A. 
The 
OUT 
The 
SUT instruction changes the data. 


The 


Surout port is implemented using TTL logic. 
is used to send data to TTL quad D type flip-flops from Register A. 
TTL flip-flops latch the data as a stable output until a sSubSequent 


Pie OawOrus On seiloht 

implemented through the 

ii eure a— oa. se ine al /O 
I/G data flows into or 


THReESCPU Aner rict .on 


meso 800 input ports are also implemented with TTL logic. The CPU 


mnstruction INP reads data from the selected input port into Register A. 


REGISTERS 





AOX NOx 
Sx ORK 
CPX XRX 


Abe 7 cme te 3 2 






ALU 







\/O DATA 






INSTRUCTION 
REGISTER 


i \(/O ADDRESS 


eweeweemesss | eons SSeS Oe leew eel 


Figure 4~5 Input/Output 
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Datla 


OUTPUT PORT 


od 
a 


y 8 3 
: 
6 
0 sommes 
= Lif : 
{2 ate ey 
1 


ie 


E te 


OUT | 


INP |4 





Df) & €& & @ €& 


INPUT PORT 


Flow 





INTERRUPT 


The MPS 800 systems have a Single line interrupt input. When this 
leis activated the program address counter in the CPU does not 
comet for one instruction fetch cycle and an interrupt response sig- 
fess enerated which can be used aS a substitute for the instruc- 
tion fetch signal to memory. 


thas Operation allows for various interrupt schemes using external 
Wiring and additional hardware. The designer may choose external 
@eeepower-On restart, 8 level priority interrupt or multi-word 
interrupt. 


POWER-ON & EXTERNAL RESTART 


Meme power iS applied the 8008 CPU initializes itself to a HALT 
Meeeructicn and sits in the stopped state waiting for an interrupt. 
Power-On external restart allows the CPU to be connected such that 
it interrupts itself following power-on and begins executing the 
program from the first memory location. 


Since interrupt causes the program address counter to. skip a count, 
the first instruction is executed twice. To prevent improper start- 
igen NOP instruction is required in the first memory location. 


An external restart button can also be added to cause the CPU to 
[eeeart from the first memory location whenever the button is pushed. 


bepeVEL PRIORITY INTERRUPT 


Meuse of additional hardware, such as the 8118 priority interrupt 
ter, the Single level interrupt can be expanded to 8 levels with 
riority encoding. The 8 level interrupt makes use of the 8 RST 
Meeart instructions. When an interrupt occurs control lines from 
MeecPU card externally gate the appropriate RST instruction from 

We priority logic as a substitute for the instruction from memory. 


Meenown in figure 4-6, the RST instruction goes to the instruction 
Meester like any other instruction. In addition the program address 
Isepushed down into the subroutine return address stack and a new 
rogram address (OOXX) is put into the program address counter. 

Mmenew address (OOXX) is a function of which RST instruction is used. 


It must be cautioned that the 8008 CPU does not lend itself to full- 
Ween Multiprocessing implied by the availability of the interrupt 
function. The 8008 CPU architecture does not allow for convenient 
Meeone of the registers and status flags necessary for multiprocess- 
ing interrupt schemes. 


SS, 


elle _—eeee—o eee — — EEeEeE—EEeeeeeee_—__eres _ eEeeeeeeeeeSG—u—u—G—Ge—eEeEeeeeeeeeeeeee eee 


INSTRUCTION 
REGISTER 


INTERRUPT RST 
@— 


oe 


PROGRAIA 
ADDRESS 
COUNTER 


SUBROUTINE 
RETURN 
ADDRESS 
STACK 





Peeune 42-6 Interrupe Data Flow 


MULTI-WORD INTERRUPT 


mhe usual interrupt cycle allows one RST instruction to be inserted 


aS a substitute for the instruction from memory. The multi-word 
mnterrupt option allows external logic to insert as many instruction 
words as desired. This feature is implemented by external control 


maa can be thought of as an alternate memory activated by interrupt. 
Meo ee ved use for the alternate memory would be for bootstrap 
program loading. 
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Oo wee COO LNSTRUCTION TABLES 


mae instructions for the MPS 800 are presented in the following 
tables. The instruction codes are given in hexadecimal where two 
mex numbers represent one 8 bit instruction word. The operations 
are grouped in the following categories: : 


Register - (load and count) 

Memory - (load and store) 

Arithmetic - (add and subtract) 

Logical — (AND, OR, XOR, Compare, and rotate) 
Program Address Control - (Decisions) 
Birerrupe Control 


iaput /Output 


Tn general any register can be loaded with the content of any other 
register or memory. Any register can be loaded immediate where 
immediate always designates the 8 bits of data immediately following 
aS the second word of a two word instruction. Memory can be loaded 
with any register or immediate data. All registers except Register A 
Man be incremented or decremented. The arithmetic instructions can 
mea Or Subtract any register, memory or immediate data from Register A 
either with or without carry. Any register, memory or immediate data 
can be ANDed, OKed, XORed or compared with Register A. Register A 
mama esO De rotated right or left either through or around the carry. 


mecisions can be made on any of the four status flags either with a 
Straight jump or a jump to subroutine. Decisions can also be made 
when returning from subroutines. Additionally, the deciSions can be 
made on either the true ("1") or false ("0") condition. 


macerrupt branching is controlled by insertion of one of eight location 
molnting instructions. 


Mmiput and output are handled by individual I/O instructions. 
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REGISTER AND MEMORY INSTRUCTICNS 


REGISTER, fsEMORY, OR IMMEDIATE 


















DESCRIPTION 


MNEMONIC OF OPERATION 








LDx 





Load Register with x 
LEx 
LHx 
LLx 


Load Memory with x 







Increment Ragister 


Docrement Register 




















ADx ADD toA 

ACx c,Z,$,) ADD to A wie 
SUx €, 2. sao SUB from A 
SBx 62 S5p SUB from A w/c 
NOx CO,z,s,p AND with A 
XRx CO.z sp Exclusive OR with A 
ORx CO. z,s,p OR with A 

CPx Gaz, Ss, Pp Compare with A 
CLA §¢ A8 COez1-S0-Pi Clear A 










CLC AO 


: 
me | 
: 


CO, z, s, p Clear Carry 


Rotate A left 









RRC OA Rotate A right 






RAL 12 






Rotate A left w/c 


RAR TA 


Rotate A right w/c 





DEFINITIONS 
A Accumulator register UN unconditional 
B,C,0,E& General registers CO carry flag = 0 
H High order memory address régister ZO zero flag = 0 (non. zero result) 
L Low order memory address register SO sign flag = 0 (MSB =0) 
M Memory PO parity flag = 0 (odd parity) 
immediate C1 carry flag = 1 
r Registes ABCDEHL Z1 zero {lag = 1 (zero rasuit) 
x Registers r, Memory M, Immediate | $1 sign flag = 1 (MSB = 1) 
6 Carry flag Pi parity flag = 1 (aven parity) 
z Zero flag 
$ Sign flag 
p 


Parity flag 
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MACHINE INSTRUCTIONS 





DESCRIPTION OF 








MNEMONIC HEXADECIMAL CODE OPERATION 
Dene et ART ce” SP OV OE SE SAP TT POS. METI 
NOP CO cs D2 DB E4 ED FG No operation 






HLT 00 01 FF Halt 











meaRAM ADDRESS CONTROL INSTRUCTIONS 


za 





FLAG CONDITIONS, CX 








DESCRIPTION OF 


MNEMONIC OPERATION 








JMP CX Jump on condition 





Jump to subroutine 





d 

4 
JMS CX 48 

: Return on condition 


NPERRUPT CONTROL INSTRUCTIONS 


RESTART LINE ADDRESS XX IN PAGE 06 DESCRIPTION OF | 


OPERATION | 






MNEMONIC 










RSTXX | 05 OD 15 1D 25 Restart at OOXX 












DESCRIPTION OF 
OPERATION 






INP PX Input from Porn X 







GUTPOX #51 53 #55 57 59 58 5D Br 
OUT P1X Bl Ge 65 67 69 GE GD Output to Port XX 
Myrp2x § 71 #73 75 77 79 7B 7D 


~~ 





PONDITION TABLE FOR SUx OR CPx INSTR USTIONS 


STATUS FLAG RESULT 





COMPARISON , Wes 
CONDITION CONDITION CX 
REG A=x 

REG A<x 

REG A>x 

REG AZ x CO 

REG AS x | ClorZit 
REG A&x 7,8 
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JEXADECIMAL NOTATION 


{ 

Seymecimal Notation is a convenient way of representing all sixteen 
paeaations On vem bits otyintormation with a single character. The 
post popular Chawmaetereseom Or displaying llexade@cimal data are the 
meeecers O thru 9 to represent the binary combinations O thru 9 and 
fh mer and F to represent the binary combinations 10 thru 15. 


. Hexadecimal Binary Bits Decimal 
| Characters Be oe a Characrens 
! 0 OO FO 0 0 

1 OO Or! i 

| 2 O 0 1 0 2 

3 OeOo >) 3 
4 Ome OO 4 
5 OF Oo 1 5 
6 OE ae 6 
7 O-) Zine: iz 
8 1 OF OCG 8 
9 1001 9 
A 10) ae 10 
B Po Oy iy st ia 
c ja es 8 8, Wee 
{ D ee elgen lees 13 
E je a ee. 14 
F sae Se 


| 

Waemeextension of this technique, all 256 combinations of 8 bits can 
e represented by two hexadaecimal characters as shown in the following 
_ 


Hexadecimal Binary Decimal 


| Characters Bais Characrers 
| OO O000 OOOO 0 
Ol 0000 0001 i 

Se OO11 ]110 5 

AZ 0100 0010 66 

lea 1110 OO0O1 LS 


ee ges TO Bg a 299 


Going Morther, all 4096 combinations of 12 bits can be represented by 
three Hexadecimal characters. This technique can be extended indefin- 
ltely, adding a Hexadecimal character for each four bits of information. 


| 


| 
\ 
q 





NO OPERATION eS: NOP 


Marious instructions such as loading a register to 
Meese lf perform no apparent operation. These instruc- 
Tions are used to perform no operation except to count 
the program address counter to the next instruction 
address in sequence. The NOP instructions can be 

used as an N state time delay. For power-on restart 
Option the first location must be a NOP. 


HALT HLT 


The codes 00, Ol, and FF cause the CPU to execute a 
halt and to enter the stopped state. The CPU must 
be interrupted to escape from the stopped state. 


» 


moMP ON STATUS CONDITIONS 1St Word woe, Cx 
2nd word “i NEeADR 
3rd word PAGE ADR 


Jump to the line and page address defined by the 2nd 
mm ord instruction words if the status condition CX 
exists. ff “theweeonaition CX does not exist. continue 
mo the next sequential ‘instruction. The status 
conditions CX are defined in the table 6-2. 


Table 6-2. Condition Table For JMP, JNS, & RET. 


















Mnemonic 





Cones tion 





| Unconad lt ronadiy 
eo Carry flac = 36 
ZO | Zero flag = 0 (result is non-zero 
SO Sign flag = 0 (MSB = 0) 
PO Parity flage= 0 (result has odd parity) 
Col Carry sitlas = 1 
Z1 Zero flag = 1 (result is zero) 
Sign fliag = 1 (MSB of result is 1) 


Parity flag = 1 (result has even parity) 
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i Seo ITIONALLY TO SUBROUTINE . lst, word Jilpee.« 
, 4 2nd word ik we 
3rd word PAGE ADR 


NumeetO the line and page address defined by the 2nd 
Meds «UNStruction words if the status condition CX _ 
exists. Mute wconatti1on CX does not exist continue 
fee NEXt Sequential instruction. Save the program 
fameess COunter as the return address on the top level 
Qemene Stack. Push all stack addresses down one level. 
faeetatusS condition CX is defined in table 6-2. 


fae SROM SUBROUTINE : RET Ge 
feet ON condition CX from the previously entered 

BemOouUtIne. Retrieve the return address from the top 

mst stack level. Pull all stack addresses up one 

Mee. «lf the condition CX does not exist, continue 

Meee next Sequential instruction. RET requires 5 

time states if it returns and only 3 time states if it 

doeS not return. The status condition CX is defined 

in table 6-2. 

RESTART | RST X 


ReStart at one of the 8 specified restart addresses X. 
Save the program address counter as the return address 
Omeene top level of the stack. Push all stack addresses 
down one level. There are 8 separate restart instruc- 
Meo. )6CRach instruction points to a specific restart 
WOation. The restart addresses are located in the 

first 64 memory locations. Each restart is separated 
by 8 memory locations. . 


Tie RST instruction is meant to be used with interrupt. 
fhe interrupting device must insert one of the 8 RST 
Meeructions to indicate the restart location. 


INPUT | INP PX 


he ee 


Gee ecight bits of data from the designated input port 
PX to Register A. There are eight separate input 
Meieruction codes, one for each input port. 


OUTPUT OUT Eas 


send eight bits of data from Register A to the desig- 
Wed Output port PXX. There are 24 separate output 
Merruction codes, one for each output port. 
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Pep (x) WITH REGISTER A 

ASD REGISTER WITH REGISTER A 
AND MEMORY WITH REGISTER A 
AND IMMEDIATE WITH REGISTER A lst word 


2nd word 


Perform the logical AND of (x) with the contents of regis- 
fer A and place the result into register A. ThisS operation 
resets any bits in register A where the AND operator (x) 
contains O bits. The status flags are affected by the 
Beswmit. Carry Status 1s set to zero. 


Meeciusive OR (x) WITH REGISTER A 
meclusive OR REGISTER WITH REGISTER A 
Meeclusive OR MEMORY WITH REGISTER A 
Psclusive OR IMMEDIATE WITH REGISTER A ist word 
2nd word 


Perform the logical exclusive OR of (x) with the content 

et rerister A and place the result into register A. This 
operation complements any bits in register A where the 
exclusive OR operator (x) contains a 1 bit. The command 
XRA performs the operation Clear A (CLA). The status flags 
Meo aiftected by the result. Carry status 1s set to zero. 


OR (x) WITH REGISTER A 

@R REGISTER WITH REGISTER A 
OR MEMORY WITH REGISTER A 

OR IMMEDIATE WITH REGISTER A lst word 


2nd word 


mPerform the logical OR of (x) with the content of regis- 
ter A and place the result into register A. This operation 
sets any bits in register A where the OR operator (x) con- 
mains @ | bit. The status flags are affected by the 


Besuit. Carry Status as Set to Zero. 

COMPARE (x) WITH REGISTER A 

BOMOARE REGISTER WITH REGISTER A 

COMPARE MEMORY WITH REGISTER A 

COMPARE IMMEDIATE WITH REGISTER A lst word 
; i 2nd word 


monpares (x) With the content of register A. (x) is 
Bubtracted from register A. The content of register 
# 1S unchanged. The status flags are affected by 

mene Tesult O21 the sSubtractronmeas defined in table 6-1. 
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ND(x) 
NDr 
NDM 
NDI 
DATA 


AIG) 
ARG 
XRM 


DATA 


OR(x) 
Se 
ORM 
ORI 
DATA 


CP(x) 


CPx 
CIE I 
DATA 





(LEAR REGISTER A ; CLA 
Register A and carry status are set to zero. The 

gero status is set to one, sign Status is set to 

Same and parity status is set to one. 


fees REGISTER A LEFT ae 


Rotate mmewcontent Of register A left one bit. The most 
Smiicant bit goes to the LSB and to the carry status. 


| MSB_ _ LSB 
(Si7iGlo4i3tQhli< 


REGIS Pies 






CA 


ROTATE REGISTER A RIGHT - BRC 


faeete the content of register A right one bit. The 
feeeeoes to the MSB and to the carry status bit. 


MSB esi: 
r13i7i6isi4i3'2i1-— 
REGISTER A 









ROTATE REGISTER A LEFT WITH CARRY RAL 


fmere the content oi register A and the carry 
SameusS bit left one bit position. 


re}7i6 (5'4i372ii} 
REGISTER A 







oT 
CARRY 


ROTATE REGISTER A RIGHT WITH CARRY RAR 


Mete the content of register A and the carry 
Pemeus bit right one bit position. 
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G6. INSTRUCTION DESCRIPTIONS 


BenxaD REGISTER 1 WITH REGISTER 2 


feomucersLCr Tie withetie Content of register ro. “The con- 
fent of lo and the stavus flags are unchanged. 


LOAD REGISTER WITH MEMORY 


Load the register r with the content of the memory location 
addressed by the contents of registers H and L. The content 
of the memory location and the Status flags are unchanged. 


MoxwD REGISTER EMMEDIATE IES roe! 
2nd word 


Load the second word of the instruction into register r. 
Tne Status flags are unchanged. 


LOAD MEMORY WITH REGISTER 


Load the memory location addressed by the contents of 
mepisters H and L with the content of the register pr. 
The content of r and the status flags are unchanged. 


mech eM ENT REGISTER 


itme@rement the content of register r by one. All of the 
Status flags except carry are affected by the result. 
Register A cannot be incremented. 


Peeurnene REGISTER 


Decrement the content of register r by one. Ail of the 
Status flags except carry are affected by the result. 
Register A cannot be decremented. 


POU me) 10 REGISTER A 
Po Deteo bolek TO REGISTER A 
ADD @PMORY TO REGISTER A 


Lrjry 


Cael 
DATA 


iGhabe 


TN 


ber 


ADCS) 
ADr 
ADM 


ADD Sa EDIATE TO REGISTER A lsteword Av 
2nd word DATA 


Agee eto. tic Content Of register A without carry 
ama Dlace the result into register A. The status 
flags are affected by the result. 
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Meee) ITH CARRY TO REGISTER A HGiex) 


WD REGISTER WITH CARRY TO REGISTER A HN Gae 
fee sORY WITH CARRY TO REGISTER A ACM 
feeeMEDIATE WITH CARRY TO REGISTER A ist. Word e2ci 


2nd werd DATA 


fax) to the content of register A with carry and 
fee the result into register A. The status flags 
are mrcrected by the result. 





SUBTRACT (x) FROM REGISTER A SU(x) 
SMMPRACT REGISTER FROM REGISTER A SUr 
SUBTRACT MEMORY FROM REGISTER A | SUM 
SUBTRACT IMMEDIATE FROM REGISTER A lst word SUI 


znd word DATA 





pumeract (xX) from the content of register A without 
pemmeow and place the result into register A. The 
status flags are affected by the result as defined in 
table 6-1. 


Table 6-1. Comercion Table For eux or Cox Instructions 





saan 


STATUS FLAG RESULT 











COMPARISON TEST 

CONDITION | C | y S p CONDITION CX 

REG A= x rote Z1 SO Pq 

REG A<x , C1 ZO ~ = C1 

REG A>x ZO _ -_ CO° ZO 

i REG A2 x = = = co 
ZO ~ — 4 

REGA<x 74 SO P4 Cior Z1 

REG A#x ZO — ~— ZO 
SeePRACT (x) WITH BORROW FROM REGISTER A Soto) 
SUBTRACT REGISTER WITH BORROW FROM REGISTER A Seve 
SUBTRACT MEMORY WITH BORROW FROM REGISTER A SBM 
SUBTRACT IMMEDIATE WITH BORROW FROM REGISTER A iS ta Wor cen oo. 


2nd. word * DATA 


SMetract (x) from the content of register A with 
“Mery and place the result into register A. The 
Status flags are affected by the result as defined 
Wetable 6-1. 





LABEL 


EXEC 


Et 


LOCN 


0000 
0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 
OOOA 
O0O00B 
O000C 
000D 
OCOE 
O00F 


0010 
O@T1 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
OOGTA 
001B 
001C 
001D 
OO1E 
0017 


ASMB 


WOP 
LHI 
BUFH 
LUI 
BUFL 
Cae 
JPU 
LMA 
INL 
JSU 
KEY 
PAGE& 
INL 
ou 
KEY 
PAGE 


JPU 
BUFL 
BOFH 
NOP 
NOP 
Suse te 
DLAY 
DCE 
JFZ 
11 
PAGE 
DCD 
kT Z 
GPU 
je ul 
PAGE 


HEX 


C0 
Zee 
10 
36 
00 
06 
Ly 
F8 
30 
46 
20 
00 
30 
46 
28 
00 


uy 
00 
10° 
co 
CO 
26 
F8 
| 
48 
17 
00 
19 
2B 
44 
15 
00 


MIDAS SOFTWARE 


COMBZENTS 


FERST ENSTRUCTION IN PGM ALWAYS A NOP 
Sie rORy POINTER OAT £2RST 
BUTE ER F xa, 
AND LINE 
( 
Pug our UNCONDITIONAL: 
ie FiR Ste BUrE ER ADDIE Ss 
( 
INCREMENT POINTER 
PUT LINE NUMBER 
IN NEXT MEN ADDEESS 
( 
INCREMENT POINTER 
PUT PAGE NUMBER 
TN UES. VEN ADDRESS 


( 


JUMP TO CODE AT FIRST 
BUFFER ADDRESS 
( 
FILLER 
FILLER 
SET INNER LOOP COUNTER 
( 
DECREMENT COUNTER 
IF NOT YET ZERO, 
JUHP AND DECREMENT AGAIN 
( 
DECREMENT OUTER LOOP COUNTER 
RETURN IF IV EQUALS ZERO 
ELSE, JUMP AND RESET 
INNER COUNTER 


( 
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LABEL LOCN 


KEY 


KO 
K 1 
K2 


K3 


K4 


0G20 
0021 
0022 
O0Zs 
0024 
0025 
0026 
0027 
0028 
0029 
002A 
002B 
002C 
002D 
Q02E 
O002F 


0030 
0031 
0032 
0033 
OG34 
0035 
0036 
0037 
0038 
0039 
QO3A 
0038 
003C 
003D 
QO3E 
003F 


ASAB 


CLA 
NOP 
LIA 
LCA 
INO 
XKRI 
RE 
Cre 
JTZ 
K2 
PAGE 
LDI 
WALT 
JSU 
TIM 
PAGE 


H EX 


A8 
CO 
F8 
DO 
44 
20 
ae 
BA 
68 
24 
00 
1E 
03 
46 
eS 
00 


BO 
48 
23 
00 
ez 
02 
60 
Shia 
00 
02 
23 
44 
4Q 
00 
A8 
DO 


HIDAS SOFTWARE 
COMMENTS 


INITIALIZE TO ZERO: 
FILLER ~ 
DATA WORD(TO BE RETURNED) 
TEMPORARY HALF-WORD 
READ KEYBOARD 
COMPLEMENT 
( 
COMPARE WITH HALF=-WORD 
IF SAME, JUMP AND READ AGAIN 


( 


( 
GLSE, DEBOUNCE BY WAITING THREE 


TIMES THROUGH TIM1 
( 
( 
( 


SilweE OCS PANS PT ORBCHECK 
EPNOT@AZERO;@DUITON STELL DOWN: 
JUMP AND READ AGAIN 
( 
ELSE, BUTTON IS UP: 
ROD err 
Peo SON 
JUMP TO HANDLE 
( 
ELSE, ehOTARE Peer ek GAL 
Pee ottey 7 TSC eR ELURN 
ELSE, KEYBD#0; 
JUMP TO HANDLE 
( 
ZERO-HANDLER 
STORE ZERO IN HALF-WORD 


Sol HAGE = WORD 


KEYBD=0; 


d2 





LABEL 


K5 


RCDR 


R1 


LOCN 


0040 
0041 
0042 
0043 
0044 
0045 
0046 
0047 
0048 
0049 
OO4A 
0043 
O04C 
004D 


0050 
0051 
0052 
0053 
0054 
0055 
0056 
0057 
0058 
0059 
OO5A 
0058 
005C 
005D 
Q05E 
005F 


MIDAS SOFTWARE 


~ 


ASHB HEX CONNENTS 


LAN 
REC 
RLC 
Ric 
RLC 
BOR 
FO 

ORC 


TMA 


OUTTI 
CLA 
JPU 
K1 
PAGE 


Cy 
02 
02 
02 
02 
24 
FO 
B2 
ES 
33 
A8 
Qu 
2 
00 


26 
07 
C4 
34 
Eee 
A2 
D8 
CF 
02 
F8 
24 
01 
B3 
57 
24 
aes! 


GET CURRENT DATA WORD 
ROTATE INTO UPPER HALF 
( 
( 
( 
MASK LOWER HALF OFF 


( 


OR IN NEW HALF-WORD 
rey. GO) 48 

DISP SAY SNe rrsSe LAY 0 
CLEAR A : 


RETURN TO READ FROM KEYBOARD 


( 
( 


SEGiwhh WE CLOCK VARIABLE 
( 
LOAD INTO ACCUMULATOR 
CURR OW BLT SPOR QRLIE, 
( 
BHABLE PROPER BITS With 
SAV LOMBOGRARILY 
Givin Nera tk 
ROLLE ExT sel tNZO BIT 1 
STORE BACK ENTO MEMORY 
MASK Off ALL Bue Bir’ 4 
( 
ORT iW eho be Or 
CULP UT TORECORDER 
TURN COE ESR ITE CEOock 
BYP aA hee Ga YO rE 


Meek. Gin 


MASK 


CODE 


v3 





LABEL 


Baer 


IG 


RET 


LOCN 


0060 
0061 
0062 
0063 
0064 
0065 
0066 
0067 
0068 
0069 
OO6A 
O06B 
O06C 
006D 
O06E 
O06F 


0070 
0071 
0072 
0073 
0074 
0075 
0076 
OO77 
0078 
OO7S 
OO7A 
0073 
CCWe 
007D 
QOO7E 
OO7F 


MIDAS SOFTHARE 


~ 


ASHB HEX COMMENTS 


OUT3 
LDI 
DLA 
DCD 
JFZ 
BIT 
PAGE 
DCE 
JFS 
R4 
PAGE 
Lor 
DLA 
DCD 
JFZ 
Bie 


PAGE 
DCB 
JTZ 
RET 
PAGE 
ir: 
JIFZ 
RCDR 
PAGE 
INH 
JPU 
RCDR 
PAGE 
LAL 
F8 
OUT3 


SU 
1E 
07 
19 
48 
63 
00 
Zo 
50 
7 
00 
Hee, 
OD 
19 
4 8 
6D 


00 
09 
68 
7D 
00 
30 
48 
50 
00 
28 
44 
50 
00 

06 
P8 
57 


OUTPUT TO RECORDER 

Sel tN oR pat ee LAY COUNTER 
AND TIME OUT SUCH THAT 
BIT FREQ=1594 HZ 
( 
( 


( 
DECREMENT BIT COUNTER 


it Albee to eve NOT OUTEUR, 
RETURN FOR ANOTUER 
( 
SED VENT ER=BYEE COUNTER 
Pits CUseteb) Pepe iLny 
BETWEEN BYTES 
( ‘ 
( 


( 
DECREMENT REP AENING BYTES 


Pee eM Hawt eon VU h Oe x 
( 


( 
ELSE, POINT AT NEXT WORD 


PE Or Aieene OF PAGE, 
CONTINUE 
( 

ELSE, GO TO NEXT PAGE 
AND RETURN FOR NEXT OUTPUT 
( 
( 

TURN OFF 
( 
( 


RECORDER 
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LABEL 


LGAP 


G1 


Mois SOPLTWARE 


- 


LOCWASNB HEX COUNENTS 


00890 


0090 
0091 
0092 
0093 
0094 
0095 
0096 
0097 
0098 
OO72 
OO9A 
OO9B 
O009C 
009D 
OORDS 
OO9F 


RTU 


LHI 
10 
CLA 
LLA 
10 
08 
CLA 
LLA 
LBA 
ECE 
FB 
ISU 
RCDR 
PAGE 
INL 
LAM 


O7 


2E 
10 
A8 
FQ 
3E 
02 
A8 
FO 
Ga 
16 
Pe 
46 
3)\9 
00 
30 
Cx 


RETURN 


POENT THEMORY AT [ 1000 | 
( 
( 
( 
SET PAGE GOUNT AT 8 
( 
CLEnn TO ZERO: 
LINE NUMBER 
NURBER OF BYTES TO 
Sil MASK FOR ERASE 
( 
JUMPSTO KeECORD 
( 


( 
Sl Lelrarorpeek BACK TO 00 


GET NUMBER OF PAGES RENAINING 


RECORD 





TEAS SOFTWARE 


PAgEo.  LOCN ASB HEX COMMENTS 


OOAO SUI 14 DECREMENT 

OOA1 O01 01 ( : 
OOA2 LNA F8 STORE BACK IN MEMORY 
OOA3 OUTO 51 DISPLAY REMAINDER 

OOAY JFZ 48 IF REMAINDER #0, 


O0OAS G1 96 RETURN AND RECORD MORE 
O0A6 PAGE 00 

SGAP OOA7 LBI OE SET NUMBER BYTES = 4 
O0OA8 04 O04 


QOAS LLB Fl S#EPeL yee CaN’ rT ENCREMENT 
QORA 2iCI #16 SET MASK FUR ERASE 


OOAB FB FB ( 
OOAC JSU 46 JUMP TO RECORD 
OOAD RCDR 50 ( 
OOAE PAGE 00 ( 


OOAPF RTU O7 RETURN 


HDR OOBO LHI 2E POINT MENORY AT [1000] 
00OB1 10 10 ° (¢ 
00B2 LLI 36 ( 
00B3 00 00 ( 
OOBY JSU 46 JUMP TO READ TIME 
00B5 CLK 00 ( 
00B6 PAGE 07 ( 
HO OOB7 INL 30 SET L = 02 


OOB8 LAL C6 LOAD A.FOR PROMPT 
OOBS SUI 14 DEGREMENT 

OOBA 01 01 | 

OOBB OUTO 51 DE SP LAY 

OOBC JSU 46 INPUT HEADER INFO 
OOBD KZY 20 FROM KEYBOARD 
OO0BE PAGE 00 | 

OOBF LAL C6 GFT PROMPTER 
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LB EL 


LOCN 


00CO 
00C1 
O02 
090C3 
00C4 
00C5 
00C6 
O0CT 
00C8 
00C9 
OOCA 
0 OCB 
CVGE 
O0OCD 
OOCE 
OOCF 


00D0 
00D1 


ASNB 


ert 


JSU 
RCDR 


PAGE 
RTU 


HEX 


aC 
08 
48 
BY 
00 
46 
A7 
00 
36 
090 
QE 
OA 
16 
EE 
46 
50 


00 
07 


MIDAS SOFTWARE 


COMMENTS 


COMPARE WITH 8 (FINISHED) 
( os 
NOT SAE, 
EOE: AN eT 
( 
gir 10 “Sear 
( 


( 
SET POINTER TO TOP 


SF JUGaeur List 
SET BYTE COUNTER 
VOR 10 By ins 
Sti tihenk LOR WRITE 


( 
JUMP TO RECORD HEADER 


tr 


( 


( 
RETURN 


V7 





LABEL 


DEMO 


D1 


LOCH 


OOFO 
OOF 
COZ 
00F3 
OOF4 
CO FS 
OOF6 
WOR s 
O0F8 
O0FS 
OOFA 
OOFB 


ASUB 


JSU 
LGAP 
PAGE 
JSU 
HDR 
PAGS 
JSU 
DGTR 
PAGE 
JPU 
Dt 
PAGE 


HEX 


46 
90 
00 
40 
BO 
00 
46 
00 
01 
Uy 
iS 
00 


NaSerAS SORINAKE 


COTS NS 


CALL LGAP 
( 


( 

CALL HDR 
( 
( 


CALL DGTR 


( 
( 


LOOP BACK TO C&A 


( 
( 
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T 
is 


HDR 





LABEL 


Cigk 


Cal 


HEM 


M1 


LOCH 


0700 
0701 
0702 
0703 
0704 
0705 
0706 
0707 
0708 
OTROS, 
O7OA 
0708 
070C 
070D 
O70E 
070F 


0710 
0711 
0712 
0713 
07174 
O71 
0716 
0717 
G718 
0719 
O71A 
071B 
O71C 
Q071D 
O71E 
O7 lr 


ASNB 


LAL 
01 
OUT2 
Moe 
80 
INO 
LMA 
NBDBE 
FO 
Ce 
JFZ 
C1 
PAGE 
LAE 
RRC 
LEA 


ops. 
08 
JTZ 
MEM 
PAGE 
INL 
JPU 
Gl 
PAGE 
ELL 
OQ 
DAT 
NDI 
OF 
RLC 
RLC 


HEX 


06 
01 
55 
26 
80 
41 
ES 
24 
FO 
AWS: 
48 
05 
07 
Cy 
OA 
E0 


SiC 
08 
66 
Pe, 
07 
30 
4 4 
05 
O7 
36 
00 
Cy 
24 
OF 
OZ 
v2 


MIDAS SOFTWARE 


~ 


COMMENTS 


SET DISC FOR PORT 1 
( i 
( 
SET MASK FOR DESIRED DIGIT 
"O BE INPUT 
READ CLOCK THROUGH DISC 
SAVE 
MASK OFF ALL BUT? 
DIGIT SELECT 
CHECK FOR SELECTED DIGIT 
IF NOT SET, 
READ AGAIN 


( 
SET MASK TO NEXT DIGIT 


( 
Sie ier 


COMPARE TO FINAL DIGIT 
( 
IF DONE, 
JUMP TO HANDLE 
( 
ELSE, 
( 
( 
( 
GET BACK TO LIST TOP 
( 
CETeriRsE DEGre 
MASK OFF ALL BUT BCD INFO 
( 
ROTATE TO UPPER HALF-WNORD 


( 


JUMP TO READ AGAIN 


is 





LABEL 


M2 


LOCN 


0720 
0721 
0722 
0) 
07 24 
O25 
0726 
OFT 
0728 
0729 
O72A 
O22 
0726 
072D 
O72 
O72F 


0730 
0731 
G7 32 
0733 
0734 
Cie 
0736 
OF 37. 
0738 
0730 
O73A 


MIDAS SOFTWARE 


hon Hex CORMENTS 


INL 
INL 
JPU 
M1 
PAG 
LAM 
DCL 
LMA 
CLA 
OUT2 
RTU 


02 
O02 
er 5) 
30 
C7 
24 
CF 
B1 
31 
r8 
C6 
3¢ 
02 
68 
35 
07 


30 
3Q 


4 ye 


1B 
07 
Cy 
31 
ES 
A& 
3 8, 
07 


( 

( = 
SAVE TEMPORARILY 
GET NEXT DIGIT 


( 
MASK OFF ALL BUT BCD INFO 


( 
OketEN UPPERpICcrt 
SEN ENGRY 
SAVE 
CHEGe BE NOny POINTER 
COMPARE TO FINAL 
MEMORY LOCATION 
TP epee Jue TO si ANDLE 


( 
( 


ELSE, 


( 
JUMP TO FINAL MOVE 
( 


( 
HOVE LAST DIGITS 


TO PROPER LOCATION 


( 
CLEAR DISC 


( 
RETURN 


POINT TO NEXT DIGIT 


~ 
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LABEL 


AUDR 


Al 


A2 


LOCN 


0740 
0741 
O742 
0743 
O74&4 
O745 
0746 
O747 
0748 
0749 
O7UA 
O74B 
O74C 
O74D 
O74E 
O74UF 


0750 
Orion 
0752 
OS 
O754 
O755 
0736 
Oy oa) 
0758 
U7 59 
O75A 
075B 
O75C 
O75D 
OM Be p> 
OU Se 


ASMB 


LHI 
RUFH 
LLI 
BUFL 
JSU 
KEY 
PAGE 
INL 
LAL 
ePi 
03 
JFZ 
Al 
PAGE 
LLI 
02 


LB 


Gry 
DCL 
LAw 
ORA 
wEzZ 
LDRO 
PAGE 
LHB 
LLC 
LAL 
OUTO 
LAM 
OUT 
LHI 


HEX 


Z2E 
10 
36 
00 
46 
20 
00 
30 
EG 
ac 
Or 
48 
uy 
07 
26 
02 


Ce 
31 
D7 
31 
C7 
BO 
48 
On 
07 
EQ 
EZ 
Co 
5 1 
CF 
Se. 
2 


MID&AS SOFTWARE 


COUMTENT S 


SEU eGEnORY TO ( 1000] 
( ~ 
( 


( 
READ KEYBOARD 


fd 


( 


( 
ADVANCE MEMORY FOINTER 


CHECK sFORSEINISE 


( 


( 
iE NOT SUNT, 


JUMP TO READ AGAIN 
( 

GET SDESITRED LOCA LLON 
AND SAVE TEMPORARILY 


( 
( 
( 

( 
ChEGhe 
( 

Le LOAD; 
( 

( 
BERGE, 


( 


( 
DISPLAY ON PORT 0 


GHi MME MOR: weOn i BIT 
DISPLAY (ON SPORT >| 
Se see Gt) Omen in 


LOAD OR AUDIT 


Pe TO Thi LE 


POINT Sire HoR 
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LABEL 


LDRO 


LDR 


LOCN 


0760 
0761 
0762 
0763 
0764 
0765 
0766 
OVC? 
0768 
0769 
O76A 
0765 
O76C 
076D 
OJV6E 
O76F 


0770 
OI. 
OT 
Oi, Fi 


Loe 


00 
JSU 
KEY 
PAGE 
INL 


LHB 


JPU 
A2 
PAGE 
LHB 
LLC 
LAL 
OUTO 
JSU 
KEY 
PAGE 


H EX 


00 
46 
20 
00 
30 
Ids) 
44 
3).5) 
Q7 
Eg 
FZ 
C6 
517 
46 
20 
00 


30 
UY 
6B 
07 


MIDAS SOFTWARE 


- 


COI ts 


TO ROM 
USHVREY AS EVENT SENSOR: 
WHEN RETURNED, MOVE 
TO NEAT POGATION 
ADVANCE MEMORY 
RasvOn iT PAGE POLNTER 
JUMP FOR NEXT CONTENT 


( 

( 
POLNT 
( 

GET LINE NUMBER 
OURetT ON PGER 0 
LOAD MEMORY WITH KEY 


( 
( 


MEMORY 


ADVANCE 
GET NEXT 
( 
( 


ioeoOny 
WORD 





LABEL 


CLBTR 


CONV 


IN 


LCCN 


0780 
0781 
0782 
0783 
0784 
0785 
0786 
0787 
0788 
0789 
078A 
078B 
07 Sie 
O78D 
O78E 
Q78P 


0790 
0791 
0792 
0793 
O794 
0795 
0796 
0797 
0798 
0799 
O79A 
Ooi 
079C 
O79D 
O79E 
O72x 


ASM%B 


LHI 
19 
LLI 
00 
LAL 
2) 
OUTU 
JSU 
KEY 
PAGE 
LAN 
LC 
RLC 
RLC 
KLC 
ORL 


OF 
SUL 
10 
AR 
oy 
OUT2 
LAI 
BO. 
OUT3 
LAI 
AO 
OUT3 
IN3 
HOP 
NOP 
RLC 


HEX 


DIS 
40 
26 
00 
06 
29 
Sy 
46 
20 
00 
Cd 
02 
O02 
O2 
02 
34 


OF 
14 
10 
2C 
ae 
5) 5) 
06 
EQ 
Si 
06 
AO 
5H 
47 
CO 
ore) 
Oz 


NID&S SOFTWARE 
COMMENTS 


SET MEMORY AT [1000] 
( 
( 
( 


PROUPT "99" @ie PORT 0 


( 


( 
READ CHANNEL DESIRED FROM 


KEY BOARD 
( 
GEESSELECTEDSCHANNEL 
ROLt oe NrO UPPER FOUR °BITS 
( 
( 


( 
FILL LOWER FOUR BITS 


Vda aS 
DECREM ENT Cri ay, 
( 
CONPLENENT 
( 
OUTPUD STOTT) AS= 16 
SET DASSMGMEOUTROL sIis 
FOR RANDOM ADDRESS 
OUTPUT TOSDAS= 15 
SE PSUAS=] (oO 8COM TROL BLES: 
CONVEA toe hooE*, RANDOM EA PORES 
OUTPUTS TO DAS-16 
INeUT snOC ELL 
can OS Peo 
FILLER 
ROG eo SOC wat LiTOUCARRY 


NUMBER 
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LABEL 


READR 


RO 


BLOCH 


O7A0 
O7AI 
O07 A2 
O7A3 
O7A4G 
O7A5 
Q7A6 
O7AT 
O7AS 
O7A9 
O7AA 
O7AB 
O7AC 


0720 
O7B1 
O7B2 
07B3 
O7B4 
O7BS 
07B6 
O07 B7 
07B8 
O7B9 
O7BA 
O7BB 
OTEC 
O7BD 
O7BE 
OchBF 


ASHB HEX 


JTC 60 
IN we 
PAGE O7 
NOP CO 
NOP CO 
WOR” CO 
HOP” CO 
NOP CO 
IN2 45 
OUT1T 53 
JPU 44 
CONV 96 
PAGE Q7 
Pat) 2E 
10 10 
Lk. 316 
02 Cz 
JSU 46 
hey 20 
PAGE QO 
DCL 31 
JFS 50 
RO Bu 
PAGE 07 
INL 30 
ae 
INL 30 
Lone CFP 
INL 30 


MIDAS SOFTWARE 
COMMERTS 


tees Ti pier 


ROAD UNTIL EOC OCCURS 
( 

FILLER 

FILLER 

FILLER 

FILLER 

FILLER 

INPUT DATA 

DISPLAY 

RETURN TO READ AGAIN 
( 
( 


POINT MEMORY AT [ 1002] 


( 
( 
( 

READ AND STORE WITH KEY: 
MEMORY LOCATION AND NUMBER 
OF BYTES TO READ INTO If 


-~ 


o™ —™, —™ 7—™ 9M™m  ™mN OSL 


B84 





LABEL 


RD 1 


IN 


AHD 


LOCH 


07CO 
O71 
OvieZ 
OF ES 
07C4 
O7e5 
OFS 
Oey 
07C8 
OGY, 
O7CA 
O7es 
COVES 
07CD 
O7CE 
O7CF 


07D0 
Q7D1 
07D2 
07D3 
O7D4 
O7D5 
O7D6 
O7D7 
07D8 
O7DI 
O7DA 
O7DB 
O7DC 
O7DD 
O7DE 
O7DF 


PAGE 
NDI 
80 


ORB 
RLC 
LBA 
DCC 
JES 
IN 
PAGE 
LMA 
INL 
JEZ 
AHD 
PAGE 
INH 
DCE 
JFZ 
RD 1 


H EX 


ey 
ae, 
06 
EZ 
2 
A8 


16 
O7 
43 
02 
40 
Oe 
O7 
2 4 
8 0 


B1 
OZ 
C& 
11 
50 
cy 
07 
F8 
30 
G8 
DD 
07 
28 
21 
48 
ED 


NIDAS SOFTWARE 


OTT WiIN es 


( 
( 5 
TURN ON RECORDER, READ MODE 
( 
( 
CLEAR TEMPORARY DATA WORD 


( 
SET BIT COUNTER 


( 
READ TAPE CLOCK, DATA 
ROPMDPE CLOCK BIT INTO: CARRY 
IF NOT ON, READ AGAIN 
( 
( 
MASK 
( 


ALL BUT DATA BIT 


OR IN THE TEMPORARY WORD 
ROTATE 

STORE BACKS IN VEN? “ORD 

DECREMSZNT REMAINING BITS 


IF ALL NOT READ, READ AGAIN 
( 
( 
ELSE, SAVE DATA WORD 
INCREMENT MEMORY 
IF L # 0, CONTINUE 
( 
( 
ELSE, INCREMENT PAGE NUMBER 


CHECK Bi Pus REMALNING 
TF NOT DONE, CONTINUE 


( 





LABEL 


LOG 


O7EO 
O7E1 
O7E2 
O7E3 
O7E4 


ASPs 


PAGE 
LAL 
0 
OUT3 
RTU 


MIDAS SOFTWARE 


HEX COMMENTS 


07 ( 
06 ELSE, TURN OFF RECORDER 
FO ( 

57 ( 

Q7 RETURN 


86 





ME DS. SOF DWARE 


LABEL LOCN ASMB HEX COMMENTS 
BGIN 0000 NOP CO FIRST LOC ALWAYS=CO 
0001 LHI 2E POINT at [0800] 
0002 08 os (| 
0003 LLI 36 § { 
0004 00 00 
0005 LUI 3E LOAD A"gPU" aT [0800] 
0006 44 uu ¢ 
0007 INL 30 ZINCRENENT LINE NUMBER 
0008 JSU 46 GET LINE NUMBER 
0009 DATN 57 = ( 
OOOA PAGE 00 ({ 
Q000B INL 30 INCREMENT LINE NUMBER 
O00C JSU 46 GET PAGE NUMBER 
OOOD DATN 57 ~—_{ 
QQOE PAGE 00 ( 
OOOF JPU 44 JUMP TO EXECUTE 
0010 BGIN OO =| 
0011 PAGE 08 = 
MGTR 0015 LHI 2E POINT at [0800] 
0016 08 08 ~( 
OOMANTLI 936 | 
0018 00 oo  ¢ 
0079 JSU 46 GET LINE NUMBER 
OO1A DATN 57 ( 
0013 PAGE 00 ( 
QO01C LBM CF PUT LINE NUMBER IN B 
001D JSU 46 GET PAGE NUMBER 
QO1E DATN 57 ~— ( 
QOO1F PAGE 00 { 
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LABEL 


LOAD 


RPT 


AUDR 


AUD1 


LOCN 


0020 
0021 
0022 


0025 
0026 
0027 
0028 
0029 
OO2A 
00283 
C0ze 
002D 
002E 
002F 


0030 
0031 
0032 
0033 
0034 
0035 
00 36 
0037 
0038 


QQ3A 
003B 
003C 
003D 
003E 
Vos 


ASMB HEX 
Ea EE 
ei ie 
RTU O7 
JSU 4h 
MGTR 15 
PAGE 00 
JSU 46 
DATN 57 
PAGE 00 
IN3 47 
NDI 24 
O04 04 
JFZ 48 
FLGR 64 
PAGE 00 
il 2-30 
JFZ 48 
RPT 28 
PAGE 00 
Tinee2 6 
JPU 44 
Ker 26 
PAGE 00 
JSU 4E 
MGTR 15 
PAGE 00 
JSU 46 
On b) Fao @ 
PAGE 00 


MEPtAS SOFTWARE 


- 


COMMENTS 


PUT PAGE NUMBER IN H 
PUTS Sie a 
RETURN WITH MEMORY POINTED 


PORN AENC RY At ESERED LOCATION 


( 
( 
PUT DATA INTO NEMORY 
( 
( 
CHECK I/0O* LINE 
( 


( 
I¥ NOT IN OUTPUT,ISSUE FLG* 


AND RETURN 


( 
ELSE, INCREMENT LINE NUMNBoR 


AND IF#0,RETURN TO LOAD ANOTHER 
LOCATION 
( 

IF L= 00, 
RETURN 
( 
( 


TNCKREMENT PAGE NUMBER, 
TO LOAD ANOTHER LOCATION 


POINT MEMORY AT DESIRED LOCATION 


( 
( 
CHECK@EF CONTROL HAS BEEN ISSiED 
( 
( 
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LAB&SL 


AUD2 


DATN 


LOCN 


06406 
0041 
0042 
0043 
OO44 
0045 
0046 
OC4&7 
0048 
QO049 
O04 
OO4B 
OO04C 
OO04D 
O04E 
004? 


0050 
0051 
0052 
0053 
0054 


0057 
0058 
0059 
OO5SA 
0055 
005c 
005D 
OOSE 
OU5P 


ASUB 


nS 
NDI 
O04 
JTZ 
rFLGR 
PAGE 
Lat 
XRT 
RE 
OUTO 
JSU 
FLGR 
PAGE 
INL 
JFZ 
AUD1 


PAGE 
LNH 
JPU 
AUD1 
PAGE 


JSU 
CTL 
PAGE 
IN3 
NDI 
O04 
JFZ 
FLGR 
PAGE 


47 
24 
04 
68 
64 
00 
C7 
ZC 
oe 
a 
46 
64 
00 
a 
48 
a8 


00 
Z6 
Uy 4 
sD 
00 


46 
6C 
00 
u7 
24 
O04 
48 
64 
00 


MBDAS SOFTWAKE 


COUMENT'S 


CHECK I/0O* 
( = 
( 

LF NOT INPUT, 
AND RETURN 
( 

ELSE GET CONTENTS OF MEMORY LOCATION 

COMPLEMENT IT 
( 

OUTPUT TO CALCULATOR 

ISSUE FLG* 


( 


( 
INCREMENT LINE NUMBER 


IF L#0, RETURN TO READ 
( 


PS oUt LG 


NEXT LOCATION 


( 
ELSE, INCREMENT PAGE NUMBER 
AND RETURN TO READ AGAIN 


( 
( 


WAIT FOR CONTROL 


( 
( 

CHECK I/O* ON OUTPUT 
( 
( 

IF NOT OUTPUT, 
( 
( 


PSSUS FLG*, RETURN 
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LABEL 


FLGR 


CTL 


LOCN 


0060 
0061 
0062 
0064 
0065 
0066 
0067 
0068 
0069 
OO6A 
006B 
006C 
006D 
O06E 
O06F 


0070 
0071 
0072 


ASMB 


IN 
XRI 
RE 
CLA 
OUT2 
LAL 
80 
OUT2 
CLA 
OULZ 
RTU 
IN3 
NDI 
08 
JFZ 


CTL 
PAGE 
RTU 


HEX 


4 3 
2 
Ee 
A8 
Ss 
06 
80 
Sys) 
A& 
ao 
07 
4] 
24 
08 
8 


GC 
00 
07 


MIDAS 


- 


COME ENS 


ELSE, 


READ DATA 


COHPLEMENT IT 


( 


FLG*= 


( 


FLG*= 


af 


( 
( 


FLG*¥= 


( 


0 


- 


0 


ReTURN 
INU ei Ls 


( 
( 


iP Ore loo ED y Ee , 


( 


( 
ELSE 


RETURN 


90 


SOFTCARE 


KEGPSGHECK ING 





LABEL 


RD1 


IN 


LOCN 


0080 
6081 
0082 
0083 
0084 
0085 
0086 
0087 
0088 
0089 
OO8A 
O008B 
008C 
008D 
Q08E 
OO8F 


00390 
0091 
0092 
0093 
Q094 
0095 
09096 
0097 
0098 
0099 
OOGA 
0093 
QOQ9C 
009D 
OO9E 
Q09F 


ASHB 


JSU 
NGTR 
PAGE 
JSU 
DATN 
PAGE 
LEM 
LAI 
O02 
OUTZ 
CLA 
LO 
07 
RLC 
LBA 
IN3 


RIC 
INS 
In 
PAGE 
NDI 
071 
ORB 
DCC 
NOP 
NOP 
NOP 
ors 
INZ 
PAGE 
LIMA 
INL 


MIDAS SOFTWARE 


HEX COM a tS 


46 
15 
00 
46 
ae) 
00 
EB? 
06 
Q2 
ay) 
A8 
16 
07 
02 
C8 
47 


OA 
4Q 
8F 
00 
24 
0 7 
Bi 
11 
ore 
C13 
CO 
50 
8D 
00 
Gs. 
30 


SET BEGINNING LINE NUMBER 
AND PAGE NUMBER - 
( 

PUT NUMBER OF BYTES IN E 
( 
( 
( 

RECORDER ON, 
( 
( 

PREPARE TO COUNT 
( 
( 
( 


( 
WAIT FOR CLOCK 


READ MODE 


EIYGHT BITS 


PULSE 
( 
( 
( 
( 
GET DATA BIT 
( 
OR INTO TEMPORARY WORD 
EIGHY BITS READ? 
FILLER 
( 
( 
IF NO, 


( 


( 
ESE, SONICS TOR TIC 1285 


INCREMENT LINE NUMBER 


ROTATE AGAIN 
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LABEL 


LOCH 


OO AO 
OOAt 
OO0A2 
O0A3 
OOAu 
OOAS 
OOA6 
O0A? 
O0AS8 
OOAI 
QOOAA 
OOAB 
OOAC 
OOAD 


ASUB 


JFZ 
A4 
PAGE 
INH 


JF2 
RD1 
PAGE 
LAL 
O00 
GuwT2 
JSU 
AUDR 
PAGE 


HEX 


48 
AY 
00 
SO 
21 
48 
8A 
00 
06 
00 
55 
46 


00 


MIDAS SOFTWARE 
COTITE Na o 


IF L#0, JUMP AHEAD 

( = 

( 
ELSE INCREMENT PAGE NUMBER 
DECREMENT BYTE COUNTER 
DOI ¢ 
LENO: 

“( 
eo. OUT 
REC OnD ER Of FE 


( 
CALL AUDITER 


( 


READ AGAIN 


OZ 





LABEL 


HDR 


HDR 


LOCN 


0200 
0201 
0202 
0203 
0204 
0205 
0206 
0207 
0208 
0209 
O20A 
020B 
020C 
6 20D 
6202 
020F 


0210 
Cia 
0212 
O23 
C214 
0215 
0216 
0217 
0218 
0219 
O21a 
O21B 
G2 te 
O24) 
O21E 
Oeiee 


SHOU AL S@RAIN NONITOR SOFTWARE 


ASNB 


JSU 
LGAP 
PAGE 
LE 
10 
LLI 
00 
JSU 
Cin 
PAGE 
INL 
LAL 
SUL 
O74 
OUTO 
JSU 


KEY 
PAGE 
LAL 
CPt 
C5 
J£SZ 
HDR1 
PAGE 
JSU 
Sy CHS 
PAGE 
LLI 
00 
LBI 
06 
LCI 


Henk COMMON LS 


46 
90 
00 
ae 
10 
36 
00 
46 
GO 
07 
30 
C6 
14 
01 
a 
46 


20 
00 
C6 
ve 
05 
48 


r 


ie 


02 
46 
A7 
00 
36 
00 
OE 
06 
16 


WRITE BLANK LEADER ONTO TAPE 


( 
( 


_ 


GEL Time PROM DIGITAL CLOCK 


PROEP Ist POR INPUT 


01 
O02 
03 
04 


om 


HR 


PE on ee ee ee ee ae 


( 


WRITE 


( 


( 
( 
( 


Te 


FOR 
OX 
Ons 
FOR 


MONTH 

DAY 

YEAR 

TOP CHANNEL (TCH) 


SHORT GAP ONTO TAPE 


HEADER INFORMATION ONTO TAPE 


oF. 





LABEL 


JOIN FE Di 


LOCN 


0220 
O221 
O222 
C273 
0224 
O225 
0226 
0227 
OIZs 
Q229 
O22A 
O22B 
022C 
022D 
O22E 
OZ2F 


0230 
0-231 
O23 
0233 
02234 
OZsi5 


0 236 


O27 
OZ36 
O2e2 
O23A 
0236 
OZ8¢ 
023D 
O23 
0237 


SHO@ENTIAL STRAIN 


ASMB 


PE 
JSU 
RCDR 
PAGE 
LLI 
05 
LCH 
LBL 
10 
aE 
20 
LUT 
80 
LAL 
ADI 


LLA 
LiL 
00 
LAL 
S Uae 
OF 
LLA 
DCB 
ol erg 
eee 
PAGE 
Lik 
70 
LAMY 
a 
INL 


Meter OR SOt aan 


nex CONUVENTS 


FE 
46 
5 0 
00 
36 
Q5 
D7? 
OE 
10 
36 
20 
3E 
80 
C6 
O04 
16 


FQ 
on 
00 
C6 
14 
OF 
PO 
09 
48 
Bie! 
O02 
36 
70 
Bo 
11 
30 


( 
( = 
( 
( 
STOsce ST CHeiterrGisTeR C 


( 


( 
TNL EL A iat lot Alo | 


REFERENCE VECTORS 
XLST (1) =80 
DxbST (Ey =00 


( 
( 
( 
( 
( 


IN 


( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
ITIALIZE OBUF PAGE NO. 
( 
( 


( 
INITIALIZE OBUF LINE NO, 


94 





LABEL 


ONL 


INT 


AHD1 


AHD2 


CONT 


LOCK 


O240 
0241 
0242 
0243 
O244 
0245 
Q246 
0247 
0248 
0249 
O24A 
O24B 
O24C 
O24D 
O24UE 
O24F 


0250 
0251 
C252 
Gi253 
0254 
0252 
0256 
0257 
0258 
OZ 58 
OZon 
O25B 
O2ac 
025D 
O25E 
C255 


SEQUENTIAL STRAIN 


MONLTOR SOFTWARE 


BoUSerek COMMENTS 


LMI 
00 


Guns 
JSU 
FLTR 
PAGE 
DCB 
JFZ 
CONT 


3E 
00 
A8 
D8 
SA 
68 
QF 
G2 
60 
3) ) 
G2 
18 
Qu 
Qu 
02 
18 


30 
es 
30 
FB 
CK 
36 
40 
06 
48 
57 
46 
00 
03 
09 
48 
DA 


( 

( = 
TNE GE CDi pit 256 By 

TCH [COVGETANO. OF 

CYCLE ESS Pan seaGce 


Pe ee 


SAVE NO. OF CYCLES IN 
AND [1073] 
( 
( 
STORE @CH IN REGISTER B 
SET TBUF POINTER 
( 
RESET DAS-16 
( 
( 
CALL FLTR TO GET DATA 
( 


( 
TCH REACHED? 


IF NO, GET NEXT CHAN. 
( 


fOg2 | 


TO CHAN. 17 





LABEL 


Slur 


LOCN 


0260 
0261 
0262 
0263 
0264 
W265 
0266 
0267 
0268 
0269 
O26A 
O26B 
026C 
026D 
OZ E 


jV20F 


0270 
2071 
DAs 
0273 
0274 
0275 
C276 
0277 
0278 
0279 
O27A 
O27B 
O27C 
027D 
O27TE 
O277F 


SEQUENTIAL STRAIN 


ASHB HEX 
PAGE 02 
bir 36 
6F 6F 
EAM CT 
ORA £0 
Ge 2266 
RECL 54 
PAGE 02 
LBC CA 
LAI 06 
GQ 40 
ADC 82. 
SUB 91 
LLA FO 
LAM C7 
Bit 36 
706 70 
LDM DF 
INL 30 
mit £7 
LHD EB 
LUA F8 
INL 30 
LDH DD 
LEL E6 
LHI 2E 
10 10 
bit 36 
70 70 
LUD FB 
INL 30 
LNME FC 


COME Nn iS 


( 


CUGeou ls 


( 
( 
( 
IF NO, 
( 
( 


ELSE TRANSFER DATA 


MONITOR SOFTHARE 


DO ANOTHER CYCLE 


LO, Op Ue 


COUPUL. FRU POrmitireEks 


( 
( 
( 
( 


STORE -ERUL PUN REGPOIER A 
GET CBUF POINTERS 


om, -~ —-~, «ns 


( 


SLORE TEUE CE) “ENeOBU FE 
THCREUEN DE OLUr Lith NO. 
SAVE OBUF POINTERS 


( 


( 
( 
( 
( 
( 
( 
( 


96 





LABEL 


LOCN 


0280 
0281 
0282 
0283 
0284 
0285 
0286 
0287 
0288 
C289 
O28A 
O28B 
O28C 
0 28D 
O28E 
Zen 


0296 
0291 
0292 
0293 
0294 
0295 
0296 
O207 
0276 
O2579 
O29A 
0296 
VZ29¢ 
029D 
OZ: 
O29F 


SEQUENTIAL STRAIN MONITOR SOFTWARE 


ASUB 


DCB 
JPZ 
STUF 
PAGE 
sigan 
6P 
LMI 
00 
eel 
72 
LBM 
DCB 
LNB 
ai 
RECL 
PAGE 


DCL 
DCL 
LAM 
ADI 
01 
LMA 
Cre 
1c 
JTZ 
REC 
PAGE 
Je boa 
73 
LAM 
DCL 
LMA 


HEX 


09 
us 
69 
ay 
36 
Or 
3E 
00 
36 
WZ 
CF 
he 
FY 
48 
54 
02 


Sy 
31 
C7 
O04 
01 
ES 
3¢ 
1C 
68 
A6 
OZ 
36 
3 
C7 
31 
F8 


oa 


COMMENTS 


DONE? 

IF NO, REPEAT : 
( 
( 

ELop et honr hee 0 
( 
( 
( 

GHEGK NOs or seVCLES 
( 
( 
( 


( 
PAGE FULL? 


rf tO, DO wRNOInER sGrCLE 
( 


ELSE INCREMENT PAGE NUMBER 
( 


( 
( 
( 
( 
Lise PAGE. PPLVEpe 
( 


Teo, OU OBUr 710 TAPS 


ELSE, RESTORE NO. OF CYCLES TO [1072] 


( 
( 
S 
( 
( 
( 
( 


ai. 





LABEL 


Fenic 


REC 1 


J,OCN 


O2A0 
O2A1 
O2A2 
02A3 
O2A4 
02A5 
O2A6 
02:7 
02A8 
Q02A9 
O2AA 
O2AB 
O2ZAC 
O2AD 
O2AE 
O2kr 


02B0 
O2B1 
QO2B2 
O25 
02B* 
Q2B5 
O2B6 
02B7 
02B8 
02B9 
O2BA 
QO2BB 
QO2BC 
02BD 
O2BE 
UZ2EF 


SEQUENTIAL STRAIN 


ASMB HEX 
Der 3% 
LMI 3E 
00 00 
JPU 44 
RECL 54 
PAGE 02 
LMI 3E 
aa te 
JSU 46 
SGAP A7 
PAGE 00 
LHI 2E 
mo 10 
per 36 
rh A® 
LOM DF 
INL 30 
LEM CF 
LHD EB 
LLi “36 
00 00 
ECL” 416 
FE FE 
ISU 46 
RCDR 50 
PAGE 00 
INH 26 
LAH C5 
LHI 2E 
102 wale 
LLI 36 
70 70 


NONTTOR SOFTWARE 
COMA EN TS 


RESET OBUF LINE POINTER 
¢ = 
( 

DO ANOTHER 
( 


( 
SEL VOBUPSEAGE NUMBER FOR 


Pea See BE 
WRITE SHORT GAP ONTO TAPE 


CYCLE 


OBUF PAGE NO. 


(te OE cate cet TE caine 


GE? NUMSEa OF Seles 


( 
Sea BOLNT wits 


( 


~~ 


SEL RECORD CODE WORD 


- 


CALL RECORDER SUBROUTINE 


( 
( 

INCREMENT OBUF PAGE NO. 
AND SAVE IN[ 1070] 


( 


( 
( 
( 
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LABEL 


LOCN ASMB HEX 


OZ 60 
O26 
UZ2EzZ 
UZ es 
02C4 
O25 
02C6 
OZe7 
02C8 
O29 
QO2CA 
0 2CB 
0266 
0 2CD 
02Cxz 
ZEEE 


02D0 
02D1 
02D2 
02D3 
O2D4 
02D5 
O2D6 


SEQUENTIAL STRAIN HONITOR SOFTWARE 


LUA F8 
GPE wae 
1C TC 
JFZ 48 
REC1 Ag 
PAGE 02 
LLI 36 
ORs: 05 
LCD? 
EEE 36 
73 73 
LAM C7 
Ber. 31 
LHA F8 
DEL 31 
LAL 36 
00 00 
DCL 31 
fut 28 
11 11 
JPU 44 
RECL 54 
PAGE Q2 


~ 


COMMENTS 


LAST PAGE RECORDED? 
( ~ 
( 
IF NO, RECORD ANOTHER PAGE 
( 
( 
BLoh en po lO ut Cleo ae 
( 
( 
DESBUCH UD UCR NO ONC THES SEO! POEs 3 
( 
( 
( 
( 
RESET OBUF LINE NO. 


( 


( 

RESET OBUF PAGE NO. 
( 
( 

REPEAT UNTIL RESET 
( 
( 


39 





LABEL 


FLTR 


WATT 


LOCN 


0300 
0301 
0302 
0303 
0304 
0305 
0306 
0307 
0308 
0309 
O30A 
030B 
U2 CE 
030D 
O30E 
030F 


0310 
0311 
0302 
0313 
0374 
0315 
0316 
0317 
0318 
Og 12 
O31A 
031B 
O31C 
031D 
O3 12 
O31F 


SEQUENTIAL STRAIN HONITOR SOFTWARE 


ASB VEX COMMENTS 


LAL 
88 
OUT3 
LAI 
C& 
OUT3 
IN3 
RLC 
ec 
WAIT 
PAGE 
IN2 
LEA 
LAL 
suUL 
20 


LLA 
LAE 
SUM 
LDA 
Cok 
OB 
oC 
NULL 
PAGS 
LAD 
SPa 
F4 
JFC 
NULL 
PAGE 
JPU 


06 
8 8 
57 
06 
C8 
ov 
47 
Gz 
60 
06 
03 
WS 
EO 
C6 
14 
20 


FO 
C4 
of 
D8 
Ga 
OB 
6 0 
ae 
03 
C3 
36 
FY 
40 
ae 
03 
ul 


SEND CONVERT CONMAND TO DAS-16 
( z 
( 
( 
( 
( 
WAIT FOR END-OF-CONVERT 
( 
( 
( 


( 
READ DATA WORD 


SAVE IT IN REGISTER E 
COMPUTE ADDRESS OF XLST 
( 
( 


( 
COMPUTE CHANGE IN STRAIN READING 
( 
( 
( 


CHANGE 2 54? 
IF NO, JUHP AHEAD TO 
NULL 
ELSE, JUMP AHEAD TO YES 


Om em ™ em ™~_™ 
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LABEL 


NULL 


oes) 


LOCH 


0320 
0324 
ODZz2 
0225 
0324 
0325 
0326 
G27 
0328 
0329 
O32A 
Q32B 
032C 
032D 
VSZE 
0320 


Q3350 
0331 
0332 
G333 
0334 
G33) 
0336 
O337 
0338 
0237 
O33A 
033B 
C356 
033D 
0335 
Oisreyy 


SEQUENTIAL STRAIN MONITOK SOFTWARE 


NOUB Wex COURENTS 


YES 
PAGE 
LAL 
ADIL 
20 
LLA 
LMI 
80 
INL 
RTU 
LAL 
30 
ADC 
SUB 
LLA 
LAD 


XRM 
JES 
SUE 
PAGE 
LAL 
SUL 
10 
iOjiae 
60 
LMA 
LLM 
LAN 
LLL 
61 
LMA 
DEL 


2A 
03 
ec 
O04 
20 
FO 
3E 
80 
30 
Oy 
06 
30 
S22 
oe 
FQ 
G3 


AF 
50 
De 
03 
C6 
14 
Te 
36 
6 0 
F 8 
me) 
Cy 
36 
61 
F 8 
31 


( 

( ~ 
WRITE "NULL" WORD TO TBUF 

( 


( 
( 
( 
( 
( 


RETURN TO CALLING PROGRAH 
COREUTE-ADEPRES> OF DXLST 


( 
( 
( 


( 


SEGN CHANGE my DX? 


( 
Lemon 


xLS1, 
( 
ELSE, 
( 

COMPUTE ADDRESS OF 
SAVE IN [ 1060] 
( 
( 

GET XLST AND SAVE IN [1061] 
( 


JUMP AHEAD AND CHANGE 
DXLST REFERENCE 


Wie eos ben BU 


XLST AND 


( 
( 
( 
( 
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LABEL 


Sau e 


SHF 1 


LOCN 


0340 
0341 
0342 
0343 
0344 
0345 
0346 
0347 
0348 
0349 
O34A 
0343 
O34C 
O34D 
O3UE 
O34F 


O35 )1U, 
03511 
0352 
0353 
0354 
0355 
0356 
C357 
0358 
0359 
O35A 
035B 
C35 
O035D 
O35E 
O35F 


SEQUENTIAL STRAIN 


ASiB 


LAN 
ADI 
20 

LNA 
INL 
LAG 
DCL 
LLM 
LMA 
LAL 
LLI 
oF 

LMG 
01 

LLA 
JPU 


SHF1 
PAGE 
LAL 
ADI 
10 
LLA 
LMI 
80 
LAL 
Su 
10 
LLA 
LMD 
LAL 
SUL 
10 


MONITOR SOFTWARE 


~- 


HEX COMMENTS 


oF) 
O4 
20 
fags: 
30 
C7 
at 
Egy 
F8 
Gis) 
36 
6F 
3E 
01 
PO 
4 uy 


58 
ve 
Cc 
O4 
10 
FO 
19) 
80 
C6 
14 
10 
FO 
FB 
eG 
2 4 
10 


COMPUTE TBUF ADDRESS 
( . 
( 


( 
SAVE CED EN 


STORE XLST 
STORE TBUF 
( 
STO R= Mic 
SEP PLG=1 
: 
( 
( 


( 
RESTORE TBUF POINTER 


JUNP AHEAD AND CHANGE 


{ 1060] 
IN REGISTER A 
LO IN REGISTER L 


eve Ee 


GEST. 
( 
WRITE 
( 

( 

( 

( 

( 
COMPUTE ADDR ER ssmOn DL St 
( 
( 


( 
STORE 2 Ge poe 


COMPULE ADD Ris omOn x LSa 
( 
( 


DXLST REFERENCE 


“NULL® WORD TO TBUF 
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LABEL 


LOCN 


0360 
0361 
0362 
0363 
0364 
0365 
0366 


SEQUENTIAL STRAIN MOKITOR SOFTWARE 


~- 


OMe ee COMITEN TS 


LLA 
LME 
LAL 
ADL 
ZA 

LLA 
RTU 


FO 
EC 
C6 
04 
21 
FO 
07 


( 
STORE X IN XLST ~ 
COU UTE SWE the 1 bUYy NOOR ESS 
( 


( 


( 
RETURN TO CALLING PROGRAM 
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10 

20 

30 

40 

50 

60 

70 

80 

90 

100 
16 
120 
150 
140 
120 
160 
170 
180 
190 
200 
210 
eau 
250 
240 
220 
Ase, 
210 
280 
vc] ) 
500 
310 
320 
330 
35 40 
550 
360 
570 
380 
330 
400 
ALO 
420 
430 
440 
450 
460 
470 


HP 9830 SOFTWARE 


DIM Z3(16),Q8(2),A1(2561],EI(11,256),R$(2),B(10) 
Z$="0123456739A SC DEF” 


el ted 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 


CEN2 

"FATIGUE LIFE STRAIN ROUTINE OUTPUT” 
LINe 

ic OPTIONS AVAILABLE.” 

1. TABULAR OUTPUT.” 

‘ Cer coriEn OUTPUT. © 

LIN2 


FORMAT 3508 


Bad 


ACij=z 


128 


A{2]=-0 
Meo sO 


AC 4])= 


10 


A(5]=S 
Mons) TO 5 
WRITE (€1,100)A(1); 


Ek 


J 


WRITE (€1,100)0310; 
FOR I=1 TO 6 
ALIJ=RBYTEI 
BCI}=AC1) 


NEXT 


i 


PRINT Line 

FIXED O 

PRINT “HEADER INFORMATION” 
ts 

H=F NHO 

PRINT “ TIMES “sas. 
Teed 

H=F NHO 

PR? RSs” DATE S= 5 
POigruco 10° 5 

Peat | 

H=F NHO 

Peet Roe | = 

NEXT J 


PRINT 


N=A(6] 


baa 


H=F NHO 


Peta 


STANDARD 
Biggin “TOP CHANNEL VIN CYCLE sks 
ret C 2287 CN) 


DI Sr 


“ENTER OPTION DESIRED."3 
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HP 9830 SOFTWARE 


460 INPUT Li 

Qe0> 1F 9Ll=s)] THEN 1240 

oer olor  JNPUT "NOY VOF PAGES TO PLOT.” s: 
Seo INPUT Li 

S20 S| 

prwewh ite (€1,100)030;93 (NXN1)3039; 

aa FOR L=! TO NIXN 

peor Ei J, J=RBYTE! 

560 NEXT I 

a0 Jsdrl 

eeoelry) <= L! THEN 530 

590 GOTO 720 

600 DEF FNBCTI) 

bsp Os62h,9S5(141))-1 

Ge Csr 05(25,905(2,2))=1 

630 A(1I)=16*5+C 

640 RETURN ACI] 

650 DEF FNHCH) 

660 BS -INTCI/SI6) 

oO GCSi-rl=-1 6*6 

680 B-=3B+!1 
690 RSiT)1 } 
HOO RSle 62) 
PO REGAN OH 

720 SCALE -20,266,-1350,280*«N 

P50 FOR Kei JO N 

740 OFFSET O, CiteK+!)*280-1 40 

WoO lomo, ltt, 0,256 

SOS ao Oo 2.1 2h 12S 

iO FOR d=t TO Ll 

780 FOR I=K TO NI*N STEP N 

MoO PEOL Cl+CJ-1)k296)/L IS EL J, tials 
800 REXT I 

SO NE GJ 

820 NEXT K 

Boo  VISP CHANGE PLOILIER PAPER” 
Senor TRESS RESET 

S20 STOP 

860 GOTO 470 

870 PEN 

880 PEN 

Boo OFFSET 0,0 

900 PLOT 0,-40,1 

Soe bisre “CHAR. HT. NOWSIZs NEW HI. : 
920 INPUT H 

950 H=:} 

Sen Lapel C#,H,1.4,0,1> 
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HP 9830 SOFTWARE 


Pee elo) 
H=rNHO 
LABEL (*) "RECORDED: 
2512) 
H=kFNHO 


TT GE en bs - 


Pel CH) Beate = 
POines=0 LO v2 
Pest | 

H=rNHO 

LABEL (#)RS3" “3 
NEXT J 
LABEL 
LABEL 
LABEL 
Bee eas 
DiS (O°. LABEL PEOTS. INE UA M=Or 
TuPuUT Y 

Pier sO PHEN 1140 

GOTO 1170 


bye aha 


we 


Ck ¢ 
C*A)SRENIS NSC 
Certo vO, 


OF"sNs"CHANNELS PER CYCLE” 


DISP 
WAIT 
GOTO 
Dio 


“CHANGE PLOTIER PAR ine 
10000 
520 

Chane Hi. 


NOW=1Z2: NEW HT.@; 


INPUT H 
LABEL (*,H,1.4,0,1) 


PEOR 


140,-40,1 


LETTER 
PLOT 256,N*280,1 


Disk 
DSP 


“DONE” 
SIOPUT NOW OK PAGES SEO PR iia 


INPUT Ll 


led 


WRITE (Cl , 10070903930 NANI De 0 aor 


FOR) =] 


TO NIN 


E{ J,1)=RBYTE! 


Next 


dsm 


IF J 
j=l 


1 eee 
{i= 
i) = 


IF 


I 


<= [) SHER S20 
OT Hi Nelo © 
4A THEN 1470 


a THE Naa 


Perit CHA” sucha nae: 


FOR I= 


TO CNI*N-ND STEP N 


PRINT E{d,1),E(J,1+1) 


NEXT 


GOTO 


J 
1560 
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1420 
1 430 
1440 
1450 
1460 
1470 
1 480 
1490 
aoe 
enue 
20 
13350 
1540 
boo 
1560 
b27 0 
1580 
Perens) 
1606 


HP 9830 SOFTWARE 


PRU) "CHAI OT. CHAN 2 eet nA oO 

FOR I=] TO CNI*N=-N) STEP N 

eee eel A ieee) Eells) 

NEXT J ~ 

GOTO 1560 

peoul “CHAW 1. CHAN 2°. CHAN 5°, CHAN 4° 

FOR I=! TO CNI*N-N) STEP N 

foe) Ete Jee taoitl | ,ECS Teed Ei A+S |] 

WEXT J 

GOTO 1560 

Peel CHAN 1°, CHAN 2°, CHAN 3S , CHAN 4°, CHAN 5% 
FOR J=!1 TO CNIi*neN) STEP N 

Peedi tweet ttl Ve lee ee cle FS laki.) 1+ 4) 
NEXT I 

PRINT LIN4 

ge+) 

LP dees 
GOTO &40 
ND 


Li! THEN 1340 
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